SYSTEMS AND METHODS FOR AUTOVATED MELTI NG CURVE ANALYSI S TECHNI CAL FI ELD

[0001] This disclosure relates to nelting curve analysis and, in

parti cul awp 20/y8EBens and net hods for automated anal ysipeTafS2a10m34969 t i ng

curve of a conpound, such as a nucleic acid or protein. BRI EF DESCRI PTI ON

Corveanat o= UM Befidog BB AGTEIA BB WELTigRRORURTS ™ 11"
mel ting curves of an unl abel ed pr oRRAI®gIENg experiment, showi ng nmultiple

genot ypes and exponenti al background fluorescence at | ow tenperatures.
[ 0004] Fi gure JECGHMIGAloWEiigr am of one enbodi nent of a nethod for

gener at | deyi ation function qf an.experinental nelting curve. [0005]

2 gur o 08D T8 plsRbsye dblaiSy dpy MRE G A BYSE: Pt PHIPhoCout ves
of hai rqyisteras rawelt Megfodsl D9 Rkormbd andlysierdfahe reeringadurve oploesmpbuhlie
melting curves of Figure 4 . [0007] Figure 6 depicts derivative plots after

exponeriUchlassapKgesuacid SUPretett.i on of the nelting curves of Figure 4 .

[ 0008] Figure Pﬁggiﬁgcglﬁ@@b@%ﬁ?@ Or\l/\slf,\l(r)kggtions of the data presented

in Figure 4 . gure epi c normal i zed nelting curves of

t he dat[@0p2Es eRigede iris fal got eedictinyg livgarepazeted meiind agkeranansisubt ract i on.
[0010] Figure 9 depicts plots of inte(grated devi ation functions of the data

F
prlesem[g'eﬂah FFige 4 15 POGIOILP HNIPQTIAD SSTERaNtEbMEHNg vELNEST &f G
ti i.al q 0 i f Lol
Cenot v rfiabelfd 43bBe Ahb hg SRR nBRTIHRUM e IEd RS ARd] BiodRéntiab | X

dat a proesokgteechd fludregeereeldl low[t@p8fatkregur e 12A depi cts exenpl ary snoot hed

pr ot ei |1ing curves. [0014] Figure 12B depi ct erivative plots of the
smoot h&ﬂgﬁﬂf)te 19Ul '?rﬁghe\(}{rq}é%r OF P& &nRoRMent o 3 méfhodfor generating

a deviation function of an experimental melting curve.

[0005] Figure 4 depicts plots of exemplary, unmodified experimental melting
curves of hairpin structures.

[0006] Figure 5 depicts derivative plots of the melting curves of Figure 4.

[0007] Figure 6 depicts derivative plots after exponential background subtraction
of the melting curves of Figure 4.

[0008] Figure 7 depicts plots of deviation functions of the data presented in Figure
4.

[0009] Figure 8 depicts plots of normalized melting curves of the data presented
in Figure 4, after exponential background subtraction.

[0010] Figure 9 depicts plots of integrated deviation functions of the data
presented in Figure 4.

[0011] Figure 10 depicts derivative plots of melting curve data after exponential
background subtraction for multiplex genotyping.

[0012] Figure 11 depicts deviation plots of the melting curve data presented in
Figure 10.

[0013] Figure 12A depicts exemplary smoothed protein melting curves.

[0014] Figure 12B depicts derivative plots of the smoothed protein melting curves
of Figure 12A.

[0015] Figure 12C depicts deviation function plots of the protein melting curve
data of Figure 12A.

[0016] Figure 12D depicts derivative melting curves after background correction.
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[ 0015] Figure 12C depicts deviation function plots of the protein nelting
curve data of Figure 12A. [0016] Figure 12D depicts derivative nelting
curves afwenotvacskgysound correction.[0017] Figure 13 depiPCTAISAE0/08469 ve

pl ots of normalized unfolding curves of the protein nelting curves of

Fi gure 0018] Fj . 14A depi ct I , t , tei ti
cut ves [0P6BL o) PR & SRBick QeEYal e IV Vo IASESD i o RS AUGERCD [t i n
mel ti ngyretiy Afel@lg El9Es of Fifure [19R20] Figure 14C depicts deviation function
plots of the protein nelting curve data of Figure 14A. [0021] Figure 14D

depi ct 40888] vatiguse At depicts exeatplaifytsnodiaed grotemimedingeatrves,. [ 0022]

Fi gure pi ets derivati.ve plots of norpmalized unfolding cutves of the
or ot e1 1ORAPE T Elcl? Vb BooieR B BoRuR I8 oo B AP PAEH b G ipeam o
one enhgdigiet14f. a nethod for identifying a negative sanple using

devi ation analysis. [0024] Figure 17 is a flow di agram of anot her

enbodi MBAR0bf Eigwuse HAS TdgpiGte dlavigtipnniyngtiae gretsyef reteins Melfinge GHEME on
anal ysidsataL)(Pg reﬁi49}”e 18 is a flow di agram of one enbodi nent of a nethod
for autonatic y idéntifying background and/or nelting regions of a

mel ti nqooR1)e. FigueeaUDRiepicts dedivetipe otedting otiivesfaftex apkgrovnd eviratiion
functi aons, f002_7] Figure 20 is a flow di agram of one enbodi nent of_ a nethod
for autl8RE2I cafidyre denfepirth geamplive ietatl HBIREZeA LHHP!8 CaYgBRf 8l ti ng
region i ' | ot of a deviation function of a nelting
curve cg?r%e%)ﬁé%@aﬁ%ﬁl?gcﬁ%dﬁgggﬁe melting regions. [0029] Figure 2 1B is
a pl ot [0023] defrigare db i ntbaw aiegrémaoipond emieidirneagt ofeqyintethodl G@3dentiyongr e 22
is a flow diagram of one enhodi nment of a nethod for automated background
subt r act 9RO R 0€VI2800 ZRIVSSE depi ot exenpl ary | deal and el ting

curves.(o0b28P2] Flguaer £7 3¢ & St [disy¥afi 2" anotAbr BBARMeATRTdA "RRthf 6
met hod for ‘aut omated background subtraction. [0033] Figure 25 depicts
devi at iidentiyiogs negativersansplerusing gevaiien enalysisut onati cal |y by unbi ased
hi erar C{Bﬁbﬂmt It-l%%sfe 18 is a flow diagram of one embodiment of a method for
automatically identifying background and/or melting regions of a melting curve.
[0026] Figure 19 depicts plots of exemplary deviation functions.
[0027] Figure 20 is a flow diagram of one embodiment of a method for
automatically identifying amplicon and probe background and/or melting regions.
[0028] Figure 21A is a plot of a deviation function of a melting curve comprising
amplicon and probe melting regions.
[0029] Figure 21B is a plot of a deviation function of a probe melting region.
[0030] Figure 22 is a flow diagram of one embodiment of a method for automated
background subtraction.
[0031] Figures 23A and 23B depict exemplary ideal and melting curves.
[0032] Figure 24 is a flow diagram of another embodiment of a method for
automated background subtraction.
[0033] Figure 25 depicts deviation plots that are correctly clustered automatically
by unbiased hierarchal methods.
[0034] Figure 26 depicts derivative plots after exponential background removal
that are not correctly clustered by unbiased hierarchal methods.
[0035] Figure 27 depicts a set of unmodified melting curves after PCR melting

analysis including negative samples.



[0034] Figure 26 depicts derivative plots after exponential background
renoval that are not correctly clustered by unbiased hi erarchal nethods.

[ 0035] Fiwore102@28iepi cts a set of unnodified nmelting cuPCeaSaitneB49PCR

mel ti ng anal ysi s I ncl udi ng negative sarrpl es. [0036] Fi gure 28 depicts a set

of neg sappl e i ators after tive sa XC u5| usin n
ol Canb%EL: BlkRe 2 FeHIOS  po e b Pate S soHE drdisiors Sl gy
curves ﬁnﬁ&é é?(%%ing@sﬁ@%H'eﬁ‘nﬁﬁ%%é'%b@&ﬁ%@dmﬂqdiﬁw ation analysis. [0038]
Figure 30 depicts a set of negative sanple indicators after negative sanple

excl usi[0A3Tki nhigyee 28t d@mctﬁrmrssztsofsme[lm@eqlrvesgﬁteé regatide paoie @xoiusianon
plots after the.autg th |l ocation of a probe nelting region and an
anpl i cdf’?'rl]ﬁap?Y'ﬂao'? @8?3ﬁ'sby devi ation anal ysis. [0040] Figure 32 depicts a

set of [0038] i VEiRREPEE @é;ﬂct@l HSE6 oNERERtRbI @ampc& Gadiea®rs (&4 Lhedataer e 33

is a block diagramof a systemfor analyzing nmelting curve data. [0042]
Addi t i @a@npla%tusprawngdw@a@@@awna be apparent fromthe follow ng

det ai | cr 0 [

et or el0038E "t FRE beRloR BeliptamHaS' A, e AN BERRRET of Hioberren
ENVBODI IVEBITBg[r@@léa]ariWéri anglicom vieelimgitegions by slevitibulanatysidie st udy of vari ous
subst ances, particul ar, nucleic acids have been studled extenS|ver
througl{ %p].'l nﬁ'gé’tﬁv%% degeiseadpels OF dIRAAIVE nSFBPlg g9 GIUSE Fgmiprrship

i ndi catihyeaffrsdi fferent nucleic acid sequences. Melting curves are also
used |n the study of protein binding, where characteristic nelting curves
are i ndoodt] veFgure38tieiarblbcindiagoarafdfiansyisyerhdor anajyzmgmdalamg lcugeendbtaVi | e

f ' h t I id t ' it is.
nder < H0042F naBoREPRRR 5oetfs oot Adyen s BihBe SonAigthdon She PHPHIEhe
scope Qfetéul‘éoﬁdé‘é&ﬁtu@ﬁLﬁf%re{e‘ﬁ%l“émbad%t@x\ﬁﬁﬁh%rbéé&!éqwutﬁ%fér@@cé?w e
anal ysis may provide information regarding the identity and/or structure of

a nucl eaczf:omnagmymgﬁmwngsrhe anount of energy required to break base-base

Py ogen bon B LB O PSR REER FRERPIENE" 102 . o

the prqdoss] Thesthd aoker analyisi Bclissial irbtie tlynet vhrioud edbbancesgt i
particular, nucleic acids have been studied extensively through melting curves,
where differences in melting curves can be indicative of different nucleic acid
sequences. Melting curves are also used in the study of protein binding, where
characteristic melting curves are indicative of protein binding affinity for a particular
ligand. While reference is made herein to nucleic acid and protein melting, it is
understood that melting curve analysis of other compounds is within the scope of this
disclosure.
[0044] In one example herein, melting curve analysis may provide information
regarding the identity and/or structure of a nucleic acid product. The amount of
energy required to break base-base hydrogen bonding within nucleic acid structures
(e.g., between two (2) strands of DNA) may be dependent upon factors relevant to
the structure of the product. These factors may include, but are not limited to length,
complementarity, guanine-cytosine (GC) content, the presence or absence of
repeated sequences, and the like.
[0045] A melting curve may be obtained by applying a gradient of energy to (e.g.,
heating) a solution containing a nucleic acid product. As energy is added and the
temperature of the solution increases, the product may denature (e.g., disassociate).
While the examples make reference to increase in temperature, other methods of
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conpl ementarity, guanine-cytosine (GC) content, the presence or absence of
repeat ed sequences, and the like. [0045] A nelting curve nmay be obtained by
appl yi ng wogosxi3es1is of energy to (e.g., heating) a sol uPCoiScaninaind ng a
nucl eic acid product. As energy is added and the tenperature of the

| ut duct d t 0. , d' late). i
e e R BE, ket bBRoR BG4S ot Balud e R SRR BErcd | °
of mel t 'rﬂGItan cﬂjrve %a@r@g@ﬁﬁrafébawhf%shﬁﬁ%'tl‘?é‘bﬁte%@&?%‘dhqmsodisa%&:léﬂ&hm in
the art. I'ting Curve nmay be generate measuring the extent to which

this dum@@Saaufuncm@ff deapesatiiten ot oﬂweﬂfmeémgegt&dﬁrd)(o‘ﬁe@t agr, bebting
gradie . e, S. _Pate . 87 908, rein_ incor ated by
T re eeatentfig: s 008 nérelihidinofSted Byeterenoe,, LIl FERLEP PRGN,

dat aseta ad sufe rﬁ@?sréfe@rt@rérﬁl darasti édmpgshbem@éé@r@tnérws Woahfymgceigound
changes its structure in response to a neltin radi ent, such as

t enper &X{e™ torwhishiacceippeerd cheness (e S@’UCtUﬁhéﬁ é@&p@lﬁ‘ﬁettg aelingsgrediant i n a

|
ool | e Piis P BeRh PP RIRE BhBeffath tOEL MR, Sahlfs ERRIOKBAACHEY
neasur edioiecacioopriodast IdysasEbeiateicdseiac fta(dtidnpof)dheterﬁergyogl’raellierﬁoamwdd) may

be placed into a solution conprising a binding dye. The binding dye may be
adapt edNe@tehit el ect rooptical (EO radiation when bound to doubl e stranded

DNA (d t b

ot} ﬁ@b@@ o) e GbdinterRe 3RS i Rockiten i, B8, Midin aBeto . &

reducecbptleakl!y) Tweamcﬂielog&*uyd @rongatt (orgotharv.magurhxé) g"eayebet pldcbgf iatga ri ng
{ t he EO Tl t | ut

e ener gy SpbrSaSaaRdis 9@ The 28'dRE De ey Bernid Mhe i Beran o

| ncr easqdlical {EEDF:%‘G%tron' whérs bB[]ﬁGrtéH@QQIéé’t?énde'@ﬁDNAs(@J%@NK)e AsStHéOéroHUHﬂ ted

to enbo I n which | uor escence decreases during nelting; in sone

nen
enbodi rdigassocialieh the blhd@@ du)éﬂ MR YGCgase emitings FRy rasliatiare (@rd apr@lb@tsssetdhe

6, 635, BRI oyt Eadipfi 30 rBRE TR kb hsPEing i meling k¥ Bt o

radi at i Qfﬁ@‘ét&cﬁﬁ?@béuhﬂg%eaé@@ﬁtﬁrﬁé@ﬂﬂ% BO faifationu@uereanee eamittead from
t he sol ut | on) as a function of tenperature. However, the teachings of this

di scl odane W@yS@étl@@pﬁ @nergy d¢ Hapligd| theretoc (8- gesa%d%rtpm%a@'lr%ﬁsm ation
Measur eifiitionh RGAH588d). "Moreover, it is understood that the disclosure is not limited to

embodiments in which the fluorescence decreases during melting; in some
embodiments, such as those using G-quenching single labeled probes, the
fluorescence signal may increase upon melting (see, e.g., U.S. Patent No.
6,635,427).

[0047] A melting curve may, therefore, comprise a series of EO radiation
measurements (e.g., measurements of the fluorescence emitted from the solution)
as a function of temperature. However, the teachings of this disclosure may be
applied to other melting curves comprising disassociation measurements acquired in
other ways. Accordingly, this disclosure should not be read as limited to any
particular method and/or technique for acquiring melting curve data (e.g., for
acquiring measurements quantifying nucleic acid disassociation as a function of the
energy applied to the solution).

[0048] As discussed above, information regarding the structure of a nucleic acid
product may be inferred from a melting curve. As such, melting curve data may be
used to examine polymerase chain reaction (PCR) products. A melting curve of a
PCR product may be acquired by heating a product of a PCR reaction in the
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ot her ways. Accordingly, this disclosure should not be read as limted to
any particular nethod and/or technique for acquiring nelting curve data

{e.g., fowoaeyuise$idag neasurenents quantifying nucl ei c a®Cu/us2ea934969 at i on
as a function of the energy applied to the solution). [0048] As discussed

above, infor mat on.regardi ng, t he st uctur f a nucl.eic  aci roduct may be
Tnfer r QICPSTR & ADINGITG Y6y YaIchaS S Dove. B Sedsendd Hereteer Y o
exam nenpggd é’tP@rﬁélyf‘Q\/Hé?habéhrfoeﬁﬁélé,@NA(tHQR)\Nr%rp%@rﬁ@to Cgfél §tr£'f§1déd'reY1@tH§ o2 PCR
product may be acquired by heating a product of reaction in

t hepr edeiNAe(ssDNA)bi Pﬁher&jor@yat natativaly lew tﬁmpw@s’eSaw%e theyPORB prodpeted t o
fl uoresce m)r stro und to dsDNA_t han when bound tq.

i ol o TB8y BXsE PP o S Soliof TR ALBRRGE" e FRRlell drigh jeye

t enper AR4IfRS terpsature s tRERoRItRALStinbRY:sed] Ble Hrodiel iay disaskvdidle (bhe,
solution may fluoresce at a rel atively hi h level. As fhe tenperature of

the soldenaire) it iwPc) siranghof et Whigh raey sause e solusiog. o Teresasr e)
o LR, 42t ande APl b B R R Rk Sl B daliuifRsce at

a lower | eve manarrowterrper ure " wn et

under gauraiepia e phase sidnistionf from a dsIMA sthit & tossDNADMAtest aotsedes?mbed
descri bed above, this transition ”hg reduce the f| uorescence emtted by t he
|

sol ut i cﬁJPOV?héh'ﬁeﬁﬁ%?'té%maw%dﬁﬁ WHPEgSCeRre qmistdi BY dne AR nehen
referr %@F—%&%Fr%mﬂﬁ(ﬁvk s tAnSRioh! SEEUrS W b QBLerPéqdfooés % ﬁ’i%'ltHg”g

W ndo yes typically used i'n suc ting curve
exper i megios, m.ryelraagmmlsltgonf laud/ioesacmeitlngsmhdd)won as a function of

t t he ab the fl I
of 5 b 0H af be RTROTAsCHPIIY <o i Syelhin ha o EXBPERERB A | o o
regi st Q’fﬁgratllglmd‘e M sbdmda deenMcsioM: of t?é?n[)eraﬂﬁfé bPof“é&Qh@fé cial ihe

decreasing as a function of tenperature. Therefore, a nelting curve

acqui r etbsence ma‘l deiANAY tr?%éluolres@ena@cama[l efe, blwn@m_raunbdam_omeeaa Sti on
oy cordhr@rE BaPRlcie s SR pUsBEeERed el CEl Iy Sebdnnlfdlo”

dsDNA phegusiayass! mgrdiamiesinddétreasipgcan aefiupench of Genperitatd. y Thgrdibe, ki ndi ng
dye in solution and/or the dye bound to ssDNA. [0050] Accordi nglé@the

neasur eBelting\purye Geagices de the grrnnesdascrieed @PON@I (ﬁth by rﬂ@@?rlélr@

1I‘OIr 8glrjgtsrgg’r%géhr erglrﬁ tl %g%f Q6|Uﬂ?h;&$%g¥&%l toﬁ sassom at dﬂe%?'ﬁ%tecllo)r oduct

from a may comprise a combination of the fluorescence emitted by dye bound to dsDNA
product and background fluorescence produced naturally by the binding dye in
solution and/or the dye bound to ssDNA.
[0050] Accordingly, the measured, raw fluorescence signal acquired by melting a
nucleic acid product in the presence of a binding dye may be modeled as a sum of
fluorescence resulting from the product melt (disassociation of the product from a
dsDNA to ssDNA as the solution is heated) and background fluorescence. Equation

1 shows an experimental melting curve F(T), comprising a sum of the “true” melting
curve M(T) (e.g., the fluorescence produced by the product melt) and background
fluorescence B(T):

[0051] F(T)=M(T)+ B(T) Eq. 1
[0052] As discussed above, information regarding a nucleic acid product (e.g., the

product’s structure, composition, and the like) may be inferred and/or determined

from an experimental melting curve F(T). However, analysis of the experimental

melting curve data F(T) may be complicated by the background fluorescence B(T)



dsDNA to ssDNA as the solution is heated) and background fl uorescence.
Equation 1 shows an experinental nelting curve F(T) , conprising a sum of
the "truewormeioisegy3curve M T) (e.g., the fluorescence protmsedoy49she
product nelt) and background fluorescence B(T) : [0051] F (T) = M(T) +

ot otluctAEREN The/eh o HHELS SISTRIED @ MeliAbRsh eV REoa s PRESF, ey Ry b

i nferreghpRrehete %é%éﬂk@%{ﬂd ATbAISCBREE BIT: n%@;‘namﬁ'otrﬁ Rk peHmehtai( FFDeIting
However, analysis of thé experinental nelti'ng curve data F(T) may be

conpl i cairesldbta Fhe) background fl uorescence B(T)conponent thereof. Various
systens and net hods have been devel oped to nodel and renove the background
f 1 uor ed08h3E BIMTPNne ieyaalpld, rtbenbexsgroumdrftuaire sasncens(7o uisweodeled &5(a)inea 0053]
In one exanpl e, _the background fluorescence B(T) is nodeled as a |inear
funct i dHNCtike f IThEr FBOEPREENSE PANAEYMEBM YR sA¥RSY r¢RE8aSeS nitgarly Wity

tenper %H{p%rétﬂ?é” 2FSa sl K)vifh”‘?rﬁ@r@ﬁisiﬂgvtet&ﬁpﬁéa%@‘ér OWRY Lerthiht ?érﬂﬁé?dﬁﬁ’f%r ature

ranges) na nuclelrc acird nmelting cu l"'uorescence o € product
dr ops rrapgées)y Wi téhinuictdie ati melting ewires). thidofleeresscemed oif dbe gfrotbet dedgs ng

region, the fluorescence variation with te rature i s approxi mat el
[ near ARl e, (NgMEing rRoANal HRIEYSTg CUFIE Mol ®dnREPARISCIEY |
ext r apGl @b tenckNe&katRis St esmbefAL & a@da;fdrbﬁfnétayv Bédr NOTRRBITEL ipns.

[0054] Figure 1 depicts an experinental melting cufve F(T) having 1inear
basel i reperientalame!tirg) TUrveAnray ipgl heerdalizeidt by gexitapodatingy libearc dbselirgsed
fromtﬂgefhei h ﬁf thhe e .Eerti meqt al nelting curve F(T) above the | ower
basel i MO aje’ e[ﬂ@){ﬁ' PicdR" 'St he difference between upper and | ower

basel i Mees4phi FlyurdYy 1 Ofepidls Rt é&géﬁnielﬁ@msamtirﬁd eve [ @OPH] hEViBY" Bndar
depicts plots of nelting curves obtained by nelting the product of an
asymetbaseliRERLy@dcndoby(iTh  tAhaopnelszucmetiihgacunval rabe loedcgiculbted ffom ther ve

11 ust Mg ORI SRRETETBSUEE e Hal i AEAYe BislombroamelRb dbse? Phed
el ow t2BRRRLRITGhEHTERRLE heBel UhBler ARORET DastlB aRGT A R Bh oF =
the |ingahagvenperanid siopequati on depicted in Figure 1 goes to zero (0).
[0055] Figure 2 depicts plots of melting curves obtained by melting the product of
an asymmetric PCR reaction in the presence of an unlabeled probe. The curve
includes both unlabeled probe and PCR product melting transitions. As illustrated in
Figure 2, the use of the linear baseline method described above is problematic
because the upper and lower linear baselines intersect below the melting curve due
to its non-linearity, and the denominator of the linear compensation equation
depicted in Figure 1 goes to zero (0).
[0056] In an alternative approach, background fluorescence B(T) may be

modeled using an exponential decay function. Systems and methods for exponential
background modeling and subtraction are provided in PCT Application No.
WO02007/035806, filed on September 20, 2006, and entitled, “MELTING CURVE
ANALYSIS WITH EXPONENTIAL BACKGROUND SUBTRACTION,” which is
hereby incorporated by reference in its entirety.

[0057] Empirical evidence suggests that, at certain temperatures (e.g.,
temperatures less than 85°C), the background fluorescence signal from a binding
dye may be accurately modeled as a decaying exponential of the following form:

[0058] B(T)=Ce*" ™ Eq. 2



[0056] In an alternative approach, background fluorescence B(T) nmay be
nodel ed using an exponential decay function. Systens and nethods for
exponent iaD 2becidggiound nodel i ng and subtraction are proecuas2610/08359
Application No. WO2007/035806, filed on Septenber 20, 2006, and entitl ed,
"MELTI NG CURVE ANALYSI S W TH EXPONENTI AL BACKGROUND SUBTRACTI ON, " which is
her eby [Sﬂég} polhESHAYRN 2elerBd Geafiecqnsiantatp Le Wt frerdBemelkipg cupg dal@ dence
suggest a er, t . ) r t 500),
éﬂ‘, 5|ad af, €4 sﬁ‘ﬁfﬂn%%ﬂ?ﬁﬁ%‘télf % the %PHHf&fngmgyt%% He?8 Sa ldRBord

t he background fluorescence signal froma e may be accurately

nodel edo@gtich, darA%sEE beRAN@AIdNaL tadicalelotalddayd|oe & feing P& SsHiorBlvithin=
Cea(T -T Eq. 2[0059] In Equation 2, C and a are constants to be fit from

t he nelthemeeltng ¢ervgafa”F(T) , and TL is a shifting parameter for the
th t | i i | , ich i
vo callP98Vbcabug Beliay almeidtenged arale s ohe ReckPp e RErtashs e sive 7(T)
[ OOGOJndDa'I?erttH? rhéﬁiﬁ%g@%i?ﬁ; the RBEBIST the beeRyBuAl fh'&?eé&ﬁ%lgrogl'ﬁ@ﬁgon 2

fl uorescence before a ter the nelting region, the node
backgr guay rfdt udirestly efifcebsgrved fiuorescencarngataot Baisedcan fhé ipropediesvefdthe

1 SREBEREA: PP nilo bl MR B b RgEp e, L2 R 8 o0
POl ol A B ENIER lonlEh, o8, B0t ey SR thaedy (0051

bef or e [8061pf t & tdre“félt transition region, the product meltifg 3 unction
i's constant. nperatures nay be selected to bracket the neltin

t
transi OBAZE ogRGROTOUNG e ohe: BARKGIRMTS SuplessRpCRAeodiaierenanr e bene!
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melt transition reg enperatures nmay be referred to herern a

" nor malrmapbecselested @0 HrackBreha omdithg grahsition cegivar s ﬁtstwﬂpéﬂtmy%maysed to
construct a nodel of an exponential background signal B(T) by conbining
Equat i dress@eated Beford 068leltRrdndition reég)idn Land-aa@cBnd tdmpetdiGry 7F\rmaRbeaCe
a{T TL) Eq. 4b £0065] The derivative of _the observed fluorescence data may
be appregledied aflendhagnet. tepnsitiprceegionl thegefempensgunescmay et refefedt icons 4a

and 4b h@ginbgss‘ﬁloyrﬁglizfa?ign cursors.” The normalization cursors 7, and 7, may be

used to construct a model of an exponential background signal B(7) by combining
Equations 2 and 3:

[0063] F(T,)=B(T,)=aC Eq. 4a
[0064] F(T,)=B (T,)=aCe "™ Eq. 4b
[0065] The derivative of the observed fluorescence data may be approximated
using, e.g., a central differencing technique. Equations 4a and 4b may be solved for

a and C , yielding Equations 5a and 5b:

o (B (7,)/ B (T,))

0066
[0066] T.-T,

Eq. 5a

_B (@)

a

[0067] C Eq. 5b

[0068] The results of Equations 5a and 5b may be used to construct a model of
the background fluorescence B(T'). The model may be subtracted from the

experimental melting curve F(T), resulting in a “true” melting curve M (T):

[0069] M (T)=F(T)-Ce*" ™ Eq. 6



a and C, yielding Equations 5a and 5b: [0068] The results of Equations 5a
and 5b nmay be used to construct a nodel of the background fluorescence B(T)
. The nod&bznnmshmssubtract ed fromthe experinental nel PCRESCU0Wa4964 T) |,

resulting in a "true” nmelting curve MT) : [0069] MT) = F(T) - Ce a(T TL )

our sor 1281 & 'g&?%by AR (RO RBELATY REISSS ROF SR H PP e SR to. B( 1)
(e 9. |bBateal d3r69u diitg ABAEPHEOBalRifolRG Yl cPeddiiloet er PREIAL fy_have

some prior meltrng curve ta an Il s and

experi mtmsps@ger Irws 6b@fdlrdﬁt M@Nre(ﬁ)ﬁlréeﬁhéteﬂieﬁlbp@”ﬁitbt hhveusaredptigr F(T)
{e.g., know where the nelting transition occurs, etc.). The systens and

met hodnewdedass <l ther aisitingycusredate arsoahayrathead S&ﬁ'él ?@‘ij sexgrerignce to

re)égiecrnln?\z\ﬁélh)f n%!ra‘r@rgtgrr'\agvcr:eu \/egffnaér}tgly@{e%%ésqrvn%%%é% (?9 ﬁéjg ?lg'l \gﬁ%%escri bed
bel ow) . mAgiRGT HamHion obB@rsSBé‘ié?”Frr?é'%y%frﬁbo%dfﬁbtrﬂﬁé' éIsté@eaﬁ?ér)éﬁI fnay

di scl osed hérein may obviate the need for this manual operation (e.qg.,

r enove praeidadedafiiomaied @nakysisvbiain experinentaiamelting eytiemat T proyotientifyinge! t i ng
regions). [0071] In sone applications, nelting curve data may be di spl ayed
as a ndiaskor andomelnentagiens wathin rInQIIFII‘&I‘PLtrIﬁ% daift Frﬁﬁ) cYFiN@ daviation s

| ed II trat f I t I I 0
(com e dadiec Baly) T RoBR ot SPeS SR EMRRs o AR my
be nor redlysesl discidéed h@%lﬁgmb?eoh‘nﬂbﬂeome“%ebﬂafb?ftﬁisffﬂﬁarﬁfbl opevhilon r(’@'{g'V(T)}
[0072] max{MT)} -nm{MT)} 7 [0073] Linear and exponenti al

backgr demevepid inegdaial p@ﬂbd@pw%dgﬂnaqdéy manusé egtistalion; af taaymelting
appl i cirgb@)rﬁg For exanple, linear nodels are a good fit for PCR products
wth T ?Neen 80 and 950C, and exponential nodels are a good fit when

the ter[pev#} ur i rsurge applicatiofls) smaRinG @urieesdataHon@y ette  aisplagerieast & es
<80C and/or when the tenperature range analyzed is >20C, the background

f1 uor edtasABdzed THuQsesERACE @Hﬁ@r.l@. w@Iqméhmm@It@gce%@ Wéﬂhc‘édr%§04$9¢,f ers,

dNTP t t
model 5 TSIRVENCATY Sopernt (REMTPEL "aRaFABE I handePateaTHs Bl
expect efisdaekaraw) ds, soMié khbodiments, a melting curve M (7) may be normalized to

N(T) using the following transformation:

__ M@)-min{M(T)}
[0072] N(T)_max{M(T)}—min{M(T)} Eq.7

[0073] Linear and exponential background modeling and removal techniques may
be useful in many applications. For example, linear models are a good fit for PCR
products with Tms between 80 and 95°C, and exponential models are a good fit
when the temperature range analyzed is 20°C or less. However, at temperatures
<80°C and/or when the temperature range analyzed is >20°C, the background
fluorescence B(T) signal (comprising the fluorescence produced by buffers, dNTPs,

primers, etc.) may not conform to either linear or exponential models. Specifically,
temperatures less than 80°C show deviation from expected backgrounds, while
temperatures less than 70°C show even greater deviation, with progressively
increasing deviation at 60°C, 50°C, and 40°C. In terms of temperature ranges, at
ranges >20°C, background may also deviate from simple linear and exponential
models. As the analyzed range increases through 30°C, 40°C, 50°C, and 60°C, the
deviation of background from linear or exponential models increases. Under these
conditions of low temperature and/or extended range analysis, deviation analysis as

8



tenperatures less than 70 C show even greater deviation, with progressively
I ncreasing deviation at 60C, 50 C, and 40C. In terns of tenperature ranges,
at rangeSWQZﬁm/mackground may al so devi ate from si npl ePCiIrnisaroAasde9

exponenti al nodel s. t he anal yzed range i ncreases through 30 C, 40C, 50C,

d 60 C t d t f back | tial |
?Ecrea Bﬁeﬁeggﬂf’\%{e%&nyc dlata%Bﬁroul;i| W”@&Y?rnetﬁ':oﬁg%qr d%édgwnepea?eé@m e’r ane
anal ysmm&%@ rbSs, AALHR AFABSCTOCARBIONSITRN SofodIPAbIMG 8llngi ve Lo

fi xed nodeling. For exanple, unlabeled probes, snapback priners, and
mul ti plreguls mmlmulalmﬂ treositions t pfign aaolvecag a éeuge af >20a0G Mpﬂhesomanmedtlr@ns

of ten cgover,i r.an f >20 transitipns,occur |ng
bel ow SorE g, AR Heiafi Br G n " uE PR dalornaubl 08  LpBRREE FHHRRREY and
nul ti plspyapdeBk lprieiars] sﬁtm rrﬁtﬂh;blbﬂ@mzﬂﬂa é@vmblm kan Zeotoudtl ialL. ,zr@ma@tback
Primer Genotyp| n% wi th Saturating e and _Melting Analysis, 54(1 0)

din. @emdhaBugksen I@@&t%&tymgswlth SaUratggeRNANDYeTand Melng AmalysieT
Publ i 8 | | MVERS
Flé? :\/ICE%(@ %RL%%P{%lcﬁ%g)r%g eféej% irgjg%rggr?eql g?%ﬁz‘gegr?tér@g F(n:l%![:{hEI

ent i r etBublic@figd NaWV 02008109823 aflied M’Ei’dhl NP0, \eed dretiledptRRIMERS FOR
provide information rsga rding the sequence of nuclejic acids, protein

mel t i nd\/'EhﬂM@ FNRLEPten Wi ared GrERK COTpRIGIRd RY fﬁ@r%@ynm'& eatighY1 i ty.
1o assqabray Of Hilie! AGEER acid Mellig urtdiehb RIBRER YKL ﬂoz ﬂrggfnqeggﬁ@%étfbnabove

t hat protein’s native structure is therno stabl e
and t heegatirag rlheusbqhellsce of agiaig dcids, @ootein cneihm@@uacasdalreesftdueﬁ;edhm wer e
previ ous| sequeter d in the pro ructure. roteln ti Tm

P ot L dRedaTEnERielS GermBRUaIS SaDHE + For Sasess hib e o PERFL Sy olt

t enper abHpRrIRS s tn‘i‘@refaé@@ t8Ngsede tHatt RewArhl ¥ @Rﬂeﬁp@rﬂ%&l\/é‘%tfﬁlﬁ% @re
equivalent. Illustratively, the protein is nelted both independently and in

t he prébefaedyfaraicaiiyyaiadle, and teaisotein ynigids, @xpasingritydsepnaiic agro 6idscr een

lib f d I | . :

Ther modonaee eErerR: ST soRbe e dPate eialiptibirE Witrapraiein
Affini trlviel@mﬁ 3h@ll§blft@ﬁedéﬂheblsa§ga mepomtiniaie thepedaaig aid2@Preseids a
5258- 5266 ereby incorporated by reference in its entirety. 0075!‘3 Simlar

to the tﬁmﬂeéat@r%whererﬂlq frag ebgradofihg Nalive andseeRRAityedBBVE arpeatvalentel t i ng
i i Prrel BRE RS bs' PR, rEaBhagRy anb Btk Proderoertbfle;
aci d nﬂigtandB(éﬁjd stabllhtgatperlwbzﬂ@rrsad:aat iben usednad sasreeaaele@nes t hEuhert ei n
denat ur e]%rma¥8n may be found in D. Matulis et al., Thermodynamic Stability of Carbonic
Anhydrase: Measurements of Binding Affinity and Stoichiometry Using ThermoFluor,
Biochemistry 2005, 44, 5258-5266, hereby incorporated by reference in its entirety.
[0075] Similar to the nucleic acid melting curve analysis discussed above, protein

melting curves can be expressed in the form of Equation 1, F(T)=M((T)+ B(T). A

main difference between the typical protein melt and the typical nucleic acid melt,
B(T), is that the EO radiation signal increases as the protein denatures. Typical
protein melting curves are shown in Figures 12A and 14A. In the Figure 12A
example, as the temperature increases toward 40 degrees, thermal quenching
causes a decrease in the fluorescence. Depending on the protein, unfolding usually
starts between 40 and 60 C and is observed as increasing fluorescence as more dye
binds to the exposed hydrophobic residues. Finally, fluorescence again decreases
as protein aggregation and precipitation occurs (usually between 45 and 75 C)
combined with additional thermal quenching. The melting of six well known proteins



protein nelting curves are shown in Figures 12A and 14A. In the Figure 12A
exanpl e, as the tenperature increases toward 40 degrees, thermal quenching
causes a woecrwmasesBn the fl uorescence. Dependi ng on thePpratSeén,0349nd ol di ng
usual ly starts between 40 and 60 C and is observed as increasing

fl . more dye binds to th . hobi i :

Fi nal | ST QUL BIaRE 0Ar R dberoncaar Sl p0p i Mo Bragatiraiia fiF fance

preci pidrakaminiedCant midnkited h)idagy wesensda. and 75 C) combined with additional
t hermal quenching. The nelti'ng of six well known proteinsare shown in

Fi gur e [0076] al Empirical ayitsnoer siggestsothat, 2chigMteaperaistesaabong theemetinge of
stabilities.and in T Lcally observe 0076], Enpl r.i vi dence
suggest AR (o6 ROD.fnd g B e RIBRINe e oy PR cer B REh

60- 900Gikging tYentap betred$le@ byl uadradic pefinduaal df tHe Felrwang forhi:om a bi ndi ng
dye may be nodel ed by a quadratic polynom'al of the followmng form [0077]
B(T) =[0Q7#b, TBC)Eq,7°8-$0078] I n Equation 8, a,, bh and c, arlEg.dbnstants

to be fit fromthe experinental nelting curve data F(T) , The protein
mel ti nd08¥Ble trhEquation e aaxlpr 88d el aréy conetants ke BETHt from the) expermntals

Found B)ou Bedtre B ebromlf bﬁ%li'@%icgtvh%ﬁn%%?ééri‘ﬁtﬁi%xipﬁs?%‘éﬁtnﬁ%; N
. PoTPH r 83t eHic? Fd
MR N e o s L R T A A

t he bacemseiiglid E4oaesTente fslmhBY a leBSt-surboFitictheScalletdd Midrescdritet hi s
regard. As woul d be understood by one of skill in the art, the deviation

funct i olata QEr A EoatiBUOURENYREratUre FARYEY lieke Rankgraunskiesion.coul d be adapt ed
t i t | i hpj / or. f i t.. {0080
ns not JR0Ta), ANONIE Jibon ETRIANES ARE O, e dRelIUY, bPadipyRi and 00%°)

t enper ajuadeaticmods|susitte tachpadeindtfherésunge aigrhl f theatisdesureeisB{dk)imiteda
melting curve (e.g., in Equation 8). This operation may require that the
oper at dP thisveedasde pSi WPUldnBR Wirpssiopd: By ans of skillcinr the ads dharfgviationaye

t he ski ; ' | . j ting
cur ve dap S frrRiRREaRRYSR, ReARRECY) Ll RERin cBtta X RBELRENGBadPEld | e
syst enswvitmdnyretdustiag déculiguee dntvor érm kegwprirothelartf or aut omat ed anal ysi s of

Feat ondOBBEh: mARePoidh ivee Rl HaNHG Reralet ndarlDy SRR et | bed

bel ow) .teApepattrd bdion LR dSIS FYMRl 8l paBkdredRd Riorésidr! 817 in a melting
curve (e.g., in Equation 8). This operation may require that the operator have some
prior knowledge of the melting curve data and/or have the skills and experience to
properly interpret raw, experimental melting curve data F(T) (e.g., know where the
melting transition occurs, etc.). The systems and methods disclosed herein may
provide for automated analysis of an experimental melting curve F(T) by identifying
background and melting regions within melting curve data F(T) using deviation
analysis (described below). Accordingly, the systems and methods for deviation
analysis disclosed herein may obviate the need for this manual operation (e.g.,
remove the need for prior knowledge and/or manual estimation of the melting
regions and background regions).
[0081] The melting curve data may be displayed in a derivative form (e.g., as a
derivative or negative derivative of the normalized melting curve ~N(T)). However,
since the melting curve M(T) may be collected at discrete temperature

measurements, not always equally spaced, and may include small amounts of noise,

10



anal ysis di sclosed herein may obviate the need for this manual operation
(e.g., renove the need for prior know edge and/or manual estinmation of the
mel ti ng rwoi2org132as1d background regi ons). [0081] The nel PChgScuwpaodat a may
be displayed in a derivative form(e.g., as a derivative or negative

d t f th I t T),) . Ho

e LY aght i RS e RE R e o b AT P on Sl «
not al VﬁYtﬁwlﬁ}HHﬁ{érﬂpé@ﬁﬁé%eﬁ&ﬁeﬁhté NCA utgivatne |of%ﬁ@%ﬂéﬁlngfcd?9ésfﬁa % data
may be smoothed {e.g., using a cubic-snoothing spline /[or resanpl ed at

uni f or raptpasonpmﬂedjmeln@aemtr@rfbﬁer@ncmgdew amathnevéedfmqw% h@rta meliing aervreay be
approxi mat ed .usin ?ntr For nel ting

a|| {fer nC| or noft ﬂk?r techni que.
curve CORIWTISF 3y %dT‘S“H& "y ol Senyatiye HGREE ve
curve rgshdied daNat ‘?ﬁ’elﬁﬁ% Qran@Ridn g+ T aandr' r%ltln@r cdives dePhprigthd i 'rﬁQItuslér ves

conprising nultiple i ng tran5|t|%ns mel ting tran5|t|on peaks nay be
i dent i fmeh:ingntrlémtlmmbﬁreﬁmgammlbngbaal(se rday k&s identifiedVBnd/or . numbéfed)
[0082] Melting curve data nay be di splayed and/or analyzed in terns of a
devi at iangordinglyi(e:9.. ahieh Inmy -quéndi fy the extent to which experinental
mel ti n rve ﬂg_% F(T deV| ates froma nodel of background fl uorescence

B(T) a] sc BNk, data RigiePenPisaiaYert 80d/OheA W(ﬁﬁ&rmﬁu‘ar@scence

B( T) u 0 C {e. g ,
(7)., TR RGEEARIBGnUS T ) a7 e RABE T SABERNHUACHEMR

may be dumeedlaipon (B) disniates onorned weedehof dassgronnidafluatesegneent & 7of fAse

experinental nelting curve F(T) and that of the background fl uorescence

nodel {CBS@JSSGQ@&QV& rﬁgsqraeammqmnts éb@\b@pkgrpoogéuuor%sne@peOﬁ(Taﬂaayﬁes may
t pl | it fit t | l.at e fitt
xpor | TERPEIRS Big. dafes Blidcaexpofental seBay Tciin tehc ot o tRoe el Pee
of temenadiyh cwomherglftﬁéefaodi@waﬁ&?ftﬁ’rﬁiﬂoﬁtt‘n‘é? Eé‘%‘ébé@mdd'neéeﬁé\ﬁéildno
herein as E( may quantify the extent to which the experinental melting

curve Ft(etwede\anaemnrelnbai decaypiate déthenexpdrimentabmeiingacdnvack (on aodl that
terrperature E wi || be discussed bel ow, the deviation function E(T)

of a néfthaga mrpen%wowceaea nesiel kaidy ReCRETIRY iy Eduplien aaﬁb&’V&Drectly
{e.g., [Bﬁﬁ?éfsp%‘ixla%n é(rﬁa?z@é'rﬁ |Bhpride Ogérﬁ&%\tm tan urélggl&frﬂt raRfetdy

Wi t hin "ot melting curve analysis processes catlons of
t he de\dmmaﬂndfbm¢|tt|r1gna|E(e'Rped'rrmitaisméltimgr eummei FCT)Jde a lpue- dafleecmdlUnd:tlom ted

to, displaying or plotting nelting curve data { g , to highlight
within a series of temperature windows. Therefore, the deviation function (referred

to herein as E(T)) may quantify the extent to which the experimental melting curve
F(T) deviates from the pre-defined function as a function of temperature.
[0084] As will be discussed below, the deviation function E(T) of a melting curve

may be used to analyze melting curve data directly (e.g., by inspection, visualization,
plotting, etc.) and/or may be used within other melting curve analysis processes or
systems. Applications of the deviation function E(T) disclosed herein include, but
are not limited to, displaying or plotting melting curve data (e.g., to highlight
differences between melting curves for use in genotyping, scanning, and the like),
automatically identifying negative samples (e.g., negative control samples, invalid
data, etc.), automating melting region and/or background region identification,
automating melting curve clustering, automating genotyping and/or scanning
operations, automating background fluorescence B(T) subtraction, and the like.

One of skill in the art, however, would recognize that the systems and method for

deviation analysis disclosed herein could be used in other melting curve applications.
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di fferences between nelting curves for use in genotyping, scanning, and the
like), automatically identifying negative sanples {e.g., negative control
sanpl es, wovalo/d28lata, etc.), autonmating nelting regi onrPama’ser10oadkyr ound
region identification, automating nelting curve clustering, automating

T R e L e
r ecogni | slé@to H@a@g%&ﬁ/@%%%@ﬁﬁé@&%é@hewlsﬂbu@m@tr@é YSac adiimiterser

her ei n cou* be used in other"nmelting curve applications. Therefore, the
syst ensamyreartiet/avast dfapplieabons.i ng and/ or appl yi ng devi ation analysis to

e Y, ALK S RSB B ] PRl R M o
=) T ARG 38 LU G RIS ) ek MSReR AR SRR {1 0

conpr i sfeaid@dthed fuRagdo N doflprias a5 crowE & E(gécmlgir@lmilﬁdifmbﬁes%éﬁ@é i pEnt al

melting curve F(T) (referred to herein as an ideal nelting curve), which,
as di sowuitfsedhalsxyperintemyalbmeklipgr axvear ¢t (ssfergedno drxgpeiness aal iddalcanglting
function. See Equations 2-6. [0086] The experinental nelting curve F(T) may
be def ingdEemiwiich, eRediseusaadarbore; may bgl aparoxingated] usinghan rexpeinegtial t may
be perf it hin i f tenperature wi ndows (Tw) each having a
wi dt h \%%%ﬁ?\%i@t%ﬁ%ggggﬁ#@é ?’rﬁ?er val of the experinental nelting curve
(e.g., [D086] n Ther expedmendll) mdIOQB7¢urVdY Tr (7T . mély be. define@8&ithim fHguation
9, Tmmay represent a mnimumor "start" tenperature of the tenperature

wi ndow tempeTataravirdetval\[Bf, ,The |+ dineetuaningefitvinag dyes pasionmegd kethses eduradty
according to the resolution of the nelting curve data (e.g., the density
and/ or qirtedipsrainrevindawskher eagmbavinge Widih Wuwithin Ftl(ler§emae@@tur&mﬁezmalt he
features to be extracted fromthe meh’gin curve data. The width 1/ K may be
sel ect & the experimegtal alinthceryed@ubt  aul .t BAdIm.nei.se”Vhr i ati ons wit hin

t he tegggé?]t ure w ndTws Tw, V\Fi | e remai ning small enough to resol ve

f eat ur i nteres €17 (008977 The devi ation function E(T) is déf9rdd on a

o TBRF" S ERbaRd 8 o v b B s P B ey
be def itg%%e?gthré %RQJ)WT}; T T’hé \ﬂnd%h Wé’quhe 'ter%p@ra:fijrre' V\A\/,ingoq/vs 170W may be
selected according to the resolution of the melting curve data (e.g., the density
and/or precision of the experimental melting curve F(T) data) and/or the features to
be extracted from the melting curve data. The width W may be selected to be large
enough to smooth out random noise variations within the temperature windows 7, ,
while remaining small enough to resolve features of interest.
[0089] The deviation function E(7) is defined on a uniform discretization of the
interval [T +Ww /2,T, —W /2], denoted by 7. For example, a temperature interval

2 max

AT between temperature windows 7,, may be defined as:

[0090] 7, =T, +"/.1,=1,+AT,...T, =T, -/ Eq. 10

[0091] The selection of AT (the spacing between temperature windows 7,, ) may
be based on the resolution of the experimental melting curve F(T), performance

considerations, the nature of the features to be extracted therefrom, or the like. The

temperature interval AT may be selected to be greater than a maximum difference

12



[ 0091] The selection of AT (the spacing between tenperature wi ndows Tw) may
be based on the resolution of the experinental nelting curve F(T) ,

per f or marwo 20segler at i ons, the nature of the features POoThS2@846% ed
therefrom or the like. The tenperature interval AT nmay be selected to be

reater, than a maxi mum di f f er encehet ween any, two. ccessive nelting, curve
ot 2 pQIANVESE caly NGy SUERTSS R SHED doire cadter BRIBEE P o AeRBT PR { hi n
t_he eXR,%Ia'ré@sﬁ!ttéHn BRitl IS sBftvA vithin tI)e_ exﬁ&ﬂﬁ@ﬂuta}’\"ﬁéﬂm@; QG ,Bgrm_e_rature
wi ndow tw , a fit between the pre-defined function and the experi nent al

mel ti ngoogeye WiMin eagh kempatatueavizdowEge ha fit betwaenr teedre-definadffubiction
paraneter, which may be assigned to a point (tenperature value) associ ated
wi t h t hend thepexperimental medingt eurve Ther t empebatcalorlgied ntEadsfitanay egsuii inh a
particul ar tenperature window tw may be referred to as T (for the

t enper & {it @a@Meiel wbighr Mayree \Biseigngdde @ paint (tempejatp@ovape) lassetiated vel v,

tur iefs_.%ﬁ Bl %5@%63 B GBol e Eﬁ§.t%§P?h5§é?%béﬁ8I ?%%&E%'s?%@éi@%é@'% t he
devi aC KRLHAGH Bl 1Tl oS0 42! 7. IPERANE YRR O BIET, |

o]
nodel background uor estenc , ting curve) 1n the
experinental .nelting c e r ezt pre-defined function conprises an
exponerffQAprsyee %g}g&u[lr oﬁ%\héﬁewl/éﬁlﬁay conprise sel ecting paraneter(s) C
and/or a such that: W[nOOQ4] C LT T %PFST) Eq. 11 [0095] The fit of
Equat i dAo93l majllusEatierly this fRsmaal the deyiakon iogus Skitale fon nugleigacid such

as, for I I u fa.Lt) i [ I

emboct 1EaE YR A S8alssRd MR, ' pistu R iEon| BE ko (AERHE e

| ef t nosdeviatiopefuactioe @) udafdegan dxpbhentialfdesdy fonttiom cohfigireaper mbdele

w ndow Tw for nunerical stability. [0097] The exponential decay factor a
may be haskgraund Buonesbencie\A(4) i (6rg-f @nctidesl’ E(Eing comvs) inHAe, experinemial fi t
parameter T : [0098] E(TJ = G Eq, 12 [0099] As shown above, the deviation
f unct i SREGNIERHINET oMV NEFeqihen Pre-fetingth dUREANA CPBIRTIERE iRk $XPRBERYG o¥RSRY: al
decay f ; I i F d Hadeal " nmelting
curve Jgﬁ% nljg{]:? flgﬁ]agi‘%?ﬁ é%%:ga%?tel@ %@%p&uggé{)gg‘pgﬁ%/r?? ina'I é%@cwggound, t he

exponenti al decaya_(;[@glt)or may be constant. Therefore,
[0094] Ce % ~F(T) Eq. 11

[0095] The fit of Equation 11 may be made using any fitting technique known in
the art, such as, for example, a least squares fitting technique.

[0096] In some embodiments, the exponential form of Equation 11 may be shifted
to the leftmost temperature value (e.g., left-shifted) within the temperature window

T, for numerical stability.

[0097] The exponential decay factor «, may be used to form the deviation
function E(T), such that, for each fit parameter T :

[0098] E(T)=q, Eq. 12
[0099] As shown above, the deviation function of Equation 12 quantifies the

deviation between the exponential decay factor of the experimental melting curve
F(r) and the “ideal” melting curve as a function of temperature. For pure
exponential background, the exponential decay factor may be constant. Therefore,
any deviation from that constant may be a result of duplex melting (e.g., melting of a
nucleic acid product in combination with the background decay). In some

embodiments, in order to display the deviation from the exponential, the minimum
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any deviation fromthat constant nmay be a result of duplex nelting (e.g.,
nmelting of a nucleic acid product in conbination with the background
decay). IwoO=ome3esmBodi ments, in order to display the deecattsenofsodnet he
exponential, the m ninunvalue of the deviation function may be subtracted

therefrom t| curyes. .nmay be nor t o .each ot her eak hei ght
(e 0. o faish LARHST b 5e SURpeBStoepromn MEAHE cobe ey Ben
addi ti q{bmﬁqgg@l i zaghon bygbRtal R areapyrmy beeprr f or iy di \(b(b ng
each curve by nunerical integration. Peak area normalization may be

advant a@@@mmeﬂaﬂsémanté@r)aPMnﬁﬂf)al i Alteplatvely Fprmn gdgitin goovatization
nor mal i zed nmelting curves) may all begin and end at the same val ues.
[ 00100]bYAItPk n@‘ﬁ"K/eﬂr?a grayi rb%d%ﬁriqr@ﬁ Pife ARiNG t BAEN cBHYEaRY eumeAcal a

nmbi t
ncor pap Selaftin J5eAlPhes RFraneafE Py U Foafaae0le bdtalRY Plgreicd
devi at idavidtiomcplotsn £ (my (anadogausytoanctienaliz¢d oreltireg oeryes yelatyialigoeyin weddaida and

anot her nodel of background fluorescence B(T) (e.g., a quadratic nodel, a
di scr etd thegame alugshe || ke) Therefore, the deV| ation function disclosed

fancti Jﬁaﬁ’%&%\fﬁ%%wé roeE i oy dufy @#’5 oPBhsiBREa BT 8 sea
Lo, Genet gt P AIANEh b Taglgr 5 /b?’%) LSRRt ©

pol ynom al roun | 'uor scence I'n fhe xper|

mel ti ngnfglinee de@bfion ikétnt e pr elhd@thbﬂ%%tfdﬂ"r‘ﬁbh%“ a%@‘?ﬂéhéﬁﬂ‘uﬁctﬂ#ﬁﬁ{ay

polynomal, the fit may conpri se sel ecting parameter(s) a,, b, and/o

such tf‘(ﬁrantl[‘}oéldlﬁlllat&)n%@t\/\?éehcﬁié(tﬂg Eurve 1dath GitD3hothee nfiddel & deigtoumal 13
may be made using any fitting techni aue known in the art, such_as, for

exanpl §|U°£9$(§¢9&‘§? Bduaeed, RiourdrjicBerel guliscreiomode!. Phéhe k) aPherefore
P R BT B e Bl ATl S B gt

[ 00106]prégeibiomiRedbioftctibAe devi ation function of Equation 14 quant| fies
t he devi ati on between the experinmental nelting curve F(T) and the "ideal"

mel ti nd084P1k Ker arataincrielingsunvesptheapie-definest fusgtien qsedrtet 9enasatskiieound,
the am nL{é\ﬁ%@%bi&iét%g w)bﬁlu%{%ﬁﬁ&eﬁvtmayhﬁée%o Gt BENHhEHIAN S rRBRLNat

consta
background fluorescence B(T) in the experimental melting curve data. Where the

pre-defined function comprises a quadratic polynomial, the fit may comprise
selecting parameter(s) a;, b; and/or c;, such that:

[00102] a7’ +bT +c, =~ F(T) Eq. 13
[00103] The fit of Equation 13 may be made using any fitting technique known in
the art, such as, for example, a least squares fitting technique.

[00104] The constant multiplying the quadratic term «, may be used to form the
deviation function E(T), such that, for each fit parameter 7 :

[00105] E(T)=q, Eq. 14
[00106] As shown above, the deviation function of Equation 14 quantifies the
deviation between the experimental melting curve F(T) and the “ideal” melting

curve as a function of temperature. For pure quadratic background, the amplitude
factor may be constant. Therefore, any deviation from that constant may be a result
of protein unfolding.
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of protein unfol ding.[00107] As will be discussed bel ow, the deviation
function E(T) nay be used in the analysis of experinental nelting curve
data F(T)wOenw/132616r use in mel ting/ background regi on i @#emtiskélomasioon,
background fl uorescence renoval, negative sarrpl e identification,

Si nc t he nctl 0

Gevt at BRToEl s B sissteaR0 el i viate: ge@%%(ﬁ% %ayam%ugﬁi e’ @

nner et Re AR g oS e M) EohEen@ieT ot wiken [ n
sorTe_Cafgfthg/BRKGRHAlaldAEgBRESLARh. gga@éu@aiﬂeé%%ﬁéwerﬁa@éwﬁé AR

processing {(e.g., using Ilnear and/ or exponential background subt¥action).
[00108]sann@er|@erﬁlft¢epom@uetﬁengnamhsnmﬂ) dbinee itee MediaBo0 flinctioge AEFatiayy a
deviation function E(T) of an experlnental neltlng@Furve F(T) . At step 3

10, t hduyadtifo @ Q@Wat’@ﬂ/ Q%W?ﬁnta é‘ﬂ?%oo Qﬁ?@ﬁom f ﬁ?ﬁqeé‘éealg(ﬁcéalnﬁn@eand/ or
t | 0d ..300. th
ot hod SsTherERS 5(952 L E e (R P8 e ) ToB L %S@fﬁ’w?@i%dm o

stored S ”ﬂ&&’ u ation
of stepﬁ%@fg may ﬁé\(grlr ége a C %%u(?{ dsre%%ewrhé%rd]l ﬁé%ogﬁ]%/cgrggﬁ bB\f'h@

I NSt rugh eed ﬂ&?Qjeﬂldﬁ?é@b)éckﬁrogha%rub%\éh&?prdﬁés%fr@;a{é ye|u§é|ngolrnéd’r‘ eﬁfﬂ%ﬂ Ion,
t he net hod 300 may i nclude one or nore hardware conponents, such as one or

nor e preXPessotial baskgrnmng, subitidcoP).ogr ammabl e Gate Arrays, Application

220, HEOMBRORRAEE Sdatiebion) ArhBmlcta Mo %@iﬁ&}r skttade 7

exper i rggviglon®Inctiog cunvef kb Texperit¥htall@kltiNg step ;&%ﬁ? t Re stepTBe0, athere
range of the experinental nelting curve F(T) may be tiled by a pl urallty of

terrper anatfmd\/\BﬁlamyThve .inikalided, emmehamayeccvmpdmvallwca’mg laeddef inteedizing have

Th dth, W t b th t hod 300
F her ol PSAWCER AP atbbY HEE FELaPd epin TomoMe-cRRpBIm s, B¢ meindthiEmave £ 1)
and/ or gdhembabiiddeaPinstrietidripbnd/es diserdle s%ﬁWa?@h%Bﬂé@Q‘Bo?é’t?oﬁ%‘ ddriputets ve
data. As discussed above, the tenperature wi ndows tw nmay be defined to form

a uni f geadablecstorageamestiurof Ahewiprer, dhe rivitinlizationadf stept éoén@sennqmdﬂ a

Wi ch e EeYiE "Ealle. 8kt MBaing MBeh P RSEY bvE herBpods THhe” A
step 34bviddie meirhatvelOoray addtici, ethev RietBed IBOT mdie indiudeloniey oPfmore

hardware components, such as one or more processors, sensors, Field

Programmable Gate Arrays, Application Specific Integrated Circuits, digital logic, and
the like.
[00109] At step 320, the method 300 accesses melting curve data, which may

include an experimental melting curve F(T).

[00110] At step 330, the temperature range of the experimental melting curve

F(T) may be tiled by a plurality of temperature windows 7,,. Each temperature
window T7,, may be defined to have a width W. The width W may be selected by the

method 300 (or a user thereof) according to the resolution of the experimental
melting curve F(T) and/or the nature of the features to be extracted from the

melting curve data. As discussed above, the temperature windows 7,, may be

defined to form a uniform discretization of a temperature interval of the experimental

melting curve F(T) and may overlap one another according to a AT metric, which

may define the spacing between temperature windows 7, .
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tenperature windows Tw . Accordingly, at step 340, the nethod 300 may
determ ne whether there are additional tenperature w ndows tw to process
and, if swQ?20te13t816w nay continue to step 342, where a ®evitstélon3{ay anet er
for a next tenperature wi ndow tw may be cal cul at ed; otherw se, the flow may

el i ngogaf1E &P slenasth hedaptias 3B raN-forBisieD Grin PlLTSSRERLY P 1 hi n
a_curr aBindePABRS ATl dMeddfyhgRt 3 840 R Altole3 e ARpeadmapRYe, 1

sone enbodi ments, the batkground fl’Uorescence may be nodel ed "as an

exponenjhgthed gy dréineiditonal farepersairelwingbwa £ to pRICERS AN ifesdn ehé MBW al
nmelting curve F(T) {e.g., a nucleic acid nelting curve) and an exponenti al

decay frnagtdéomtinue tor stepd8d2 alnhege i an devigtionc pametet foEguakkbtempératd . 1 n
ot her enbaodi nents, the background fl uorescence nmay be nodel ed using a
quadr atWipdewnbit may Q%Fa|6t”@é@dirﬁiﬁ%ﬂ"‘)'$eﬁheé'i?)ﬂh‘ﬁ?‘& centinue {q stept3wten an

experi ting curve_(e.qg., a protein nelting, curve) and a quadratic
mode | H008T2L Be a0 08, i it flieert i GxpeRmEaia TeKES: 8" Per S TS
further i L. [ - t W wtw
eGP 58, BB AL Red, o RUREh i o clbent REBLAN eyt

| ef t - shr f X rady foer cancurateldc aAs disebssad Hbovd) sdRe édnbsatiemeriddthetdeektidund

par anmeter of each tenperature wi ndow tw nay be used to generate a deviation
f unct i duoE¢Sencelmay teemedeledi arean £xpehentis Becagyuhciidnrhe©ne@ramEe of a

t he deviatjon f

Govi at | BrPSRURER B EEr a9l B URGe e aF I BbIE Or.of DHPEIS 458 TERPREUTR) ¢ i ng
Fepr ostat seRei s A e T B BRSOV SOuBhE VIR B aupi e .

maki ng 1hé2r dpratisenémbodiments) thabbackigrowe flosresoescal sedyshe tnsdeiey iusthgt he

representation on a human machine interface (HM) (e.g., a display, a
pri nt erd q@@grafic fgpctigne(qrigtaer ogE!)3ad R¥FMPIR Pﬁérf't&9%??%@”@%%%@'@
and/ or d id abl it | t et er
or ocesd TR 7 srrotiin iRl bite) 408 d iacrate Qe REp RhidRt Aol
devi at iiorcohjunctioon rwitf Equagndé3uisiedSiep 842 anay ferthest corgatiser deteamplieg a

e T B e B  GORRS ool ISR P HBins 05
curve dRAMES Aefor OBk Ry e BB R e R GonBlBeot  des vere
synt heqoaed3LsAnGtgs BBdarele fit parameter of each temperature window 7,, may be

used to generate a deviation function E(T). In some embodiments, step 350 may

further comprise normalizing the deviation function E(T).

[00114] At step 360, the deviation function E(T) may be made available for

display, further melting curve analysis, and the like. Step 360 may comprise storing
a representation of the deviation function E(I') on a computer-readable media,
making the representation available to one or more users, displaying the
representation on a human machine interface (HMI) (e.g., a display, a printer, etc.),
or the like. Step 360 may further comprise transmitting and/or making available the
deviation function E(T) to one or more other processes and/or systems. For
example, as will be discussed below, the deviation function E(T') may be used in an
automated negative sample identification process, an automated background

subtraction process, or the like.
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met hods: [001 16] S5D. gttaaccACTGAt agcacgacgTCAGT (Seq. ID No. 1) [001 17]
S7D. gttaaccACTGACAt agcacgacgTGICAGT (Seq. ID No. 2) [001 18] S9D.

gt t aaccAGNQaQAEBeEIgcacgacgACTGICAGT (Seq. | D No. 3) [ 00PcCTAjS20l0®34969
capitalized regions of each of the above oligonucl eotides are conpl enentary

Seven (9178 ThAdelisRusclin el opfe n%?eq*“a&?q@#%?ﬁo&%% @5.53&&9@%%&@%5)
nai r b PR 02 b dE 3 o) A0 B0l r BERRER e A ho BB clve, PR D).

pol ynergsgne feliample, %ﬁ@%lkﬁzﬂhg”& (ﬁdnubb@%wé‘s (\/1«899 spﬁm@b&ea &éﬁ% stQﬁdéﬂdXt een
( 16) bases, respectlvely Iting curve data were geherated by

pr epar |mgth@dso| uti on conprising the oligonucl eotides discl osed above. The
sol uti 1 of each | eot n,a PCR buffer
{e.q. %8%& gﬁ@ ﬁ%ﬁ%@?g%ﬁggagga%g ciée%o@jﬁ‘ﬁm bovi neuserum
al buni bo12PP SVDeaQﬂadMRCTGKCAtdB&cb%chGMGWS&ﬁ\(ID)Nd?'%I)S dye |

n sone

avallablefromldaoTechnoIOé | nc in a final volune of

react i dA9118heS9B: ugitaaceAeT 6T$agﬁaqgﬁmaﬁsPIG(mB\®'§p&SQ§bé§) No.&3ul ti ng
|0 hal BpRlap’ ThE: AfroRad 16BRSCH! Larnan (LRSI IRl LERgagy ¥ data

wer e obtain usrng r) capillary tubes aval e from
and i s coniglghmeiheirgcsd tredenay Kooh iRpainelddutgnesitpins wiBTstean) ,re?]lbnarbﬂ'lﬁel (tm
high resolution_nelting instrument (available from|daho Technol ogy, Inc.)

at 0. 3dPs. qumm]orpn@ﬁr(@)@a%mrs Rt (N SEMERFAUTES: cHORERER RGTBLY s
obt a) nagh Y3h1Eadd ﬁ%ﬁﬁsﬂé)ré%e i Igureghd@\fﬁé'eaéh rbm“w|u0\§@@xB%aE8¢q>fgy

Inc.). to adjust t aln automatical’ly so
t hat eaaﬂvene(l?t)lbagesun\/cbenﬂgselsceabf a pOIymeeamarfoermr@I sntermfre@@ns THidwelve

h f. th d | t beh
s Suggaal daern il orader TBhESSeh geFbRANER: hs. Fowever . It i not - easy

to intqppige] t RRIGHYBGHY E'd%F!a%r\é%%rf@r&t%aéﬁﬁﬁrédénﬁg%é&uﬂon %BderTswigsth%Ot

cl ear whether there is any observabl e dupl'ex nelting for the shorter
hai r pi raligopodegtijesidjselesexd |abca/ederTI\}%1t$o}lethﬂ onncluded hene aite cht af stagn in

rovevero19ppURRg T8 1ipr SRR hOT s R, R poher MMl cr e

transi t30Mugher B fsdrivg Bitiniapackor gNnéagh HRWP, eameratdyeege.glhaxef ore,
wi t hout further mani pul ati on and/ or processing fe. ., background rermval)

der i vatli&erggan® Blusegyanayailsdle pabldahefTechnology, Inc.) in a final volume of 10 pl.
In some reactions, the solution included 0.5 U KlenTaq 1 (AB Peptides), resulting in

hairpins of 12, 14, and 16 basepairs upon extension. Melting curve data were
obtained using LightCycler® capillary tubes (which is available from and is a
registered trademark of Roche Diagnostics, GmbH.), in an HR-1™ high resolution
melting instrument (available from Idaho Technology, Inc.) at 0.3°C/s.

[00121] Figure 4 shows examples of unmodified melting curves obtained using the
HR-1™ instrument (available from Idaho Technology, Inc.). The HR-1™ may be
configured to adjust the gain automatically so that each melting curve begins at a
fluorescence value of 90. The exponential character of the curves is apparent, and
some melting behavior is suggested at about 75°C for the longer hairpins. However,
it is not easy to interpret the unmodified curves displayed in Figure 4, and it is not
clear whether there is any observable duplex melting for the shorter hairpins.

[00122] Figure 5 is a derivative plot of the same data shown in Figure 4. The
higher temperature duplex transitions are apparent as peaks. However, it may be
difficult to identify the Tms of the lower temperature transitions because of the rising
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adequately representing and/or adjusting for the background fl uorescence
B(T) in the curves. [00123] As discussed above (e.g., in conjunction with
Equat i onsw®-26)0/132$18 background fl uorescence B(T) conpon@ot/usko1a34969
experinmental nelting curve may be subtracted fromthe nelting curve F(T) to

Equat | 'k%'%r?qﬂa@i W ghece e bR e, SineekdUBRPC e oNeR i es

of aut qifs rﬁ’%c(llé Olﬁé‘ék@%ﬂhﬂahrﬁb%?s8éﬁvé’tﬁ/enﬂldt§‘tr%yahétabée&éé‘éblénof
anaIyS|s [00 Igure 6 depicts a derivative plot of the sane data as

Fi gur esaceomatelp rapresenting @ndrorn adjubtitg derolhedbackgroand iflonrescenceeB®igiir e 6
pl ot , aI t hough all sanples show a nelting transition, the perfornmance of
t he badR§CYORS- subtraction is not ideal, particularly for the 5 bp hairpin

dupl ex. b@?v]g5ksA ijééélogbcg @é%” ﬁ(-@on écﬁéﬁhv\ﬁfh dtioh “”63“

It|n curves of ki gures e gener (e.g usi ng quatlons 9-14
and/ or beskgoolriROuaeséermer 8(B) cofpgueet of ars eap@mmenta‘l nigtm@tumve mapdte ons
E(T) normalized by area so that nunerical integration varies between one (

1) hancsubéna@te(obfrohméh% wéw{hng rcup«egg?@)? fo tth%re@?!vy@'ﬂl 3 %ﬂ%@ﬁ”ﬁlfénd@fntﬁlﬁed

W E | W, I

e | R BRI SV S I A CER e AT O ﬁmfaaﬁg%de
evi <

0 o T ae8l) Brfliog Sefffod bl HlidHRfY Bhofdddnd ToRbVhL BRGBEs00 SRR Rl o

functi m,aE(e'K/)at(orafhg(|§rs)|s| n the Figure 7 exanple) results in rel evant
features with melting curve data to be nore pronounced and readlly

oboer vaBPE24ToF iaUE BHRRICIST gerivative pief the semendataas biokress ageld eltetar | y
spr ead %épg'h ﬁtuéooa%kgﬁﬂﬁﬁné IA6n ifrthéFi aﬁﬁ@?f;ﬁl%f’ althidf ﬁ'bﬂréa‘?ﬁplé | Sp\/\ﬂe' t

over a ader ran on er stens CrANSLol oS are
Si nce tdenaltng attarmmo‘rurtbel pﬂ*fdt‘r(ﬁlé)naer oENheg ‘Dacagralegl stietdactionFisgnok idgal,

i nherent| d' usts, far ckgro fI uorescence B(T) , the background is
rermveooaé'ﬁ 6}%&‘? tt@?$ bc‘fh'{%‘é'lrﬂgJ [00126] Instead of derivative plots,
nor mal '[PG@’Z@F' I BEViSHEY En R gﬁrf'ﬁl%' est et 8%p é‘r??ﬁ@rﬁt%ﬂ?ﬁéfﬂung?%ﬁk%%‘f“d

subtraction.” The hairpin data yze |n this way are n Figure 8 .

Al t houghgtifee 38l inayobe Weveratatl (bl ghasingeRpestisns €3l 4apribadabed S00gsfkat er
devi ati ons from expected are observed at |ower tenperatures, and the five

(5) baddowsi 9)- dﬁ&ué& Tdissh Pigy f devialipsifuaetigns %&@PHT‘@"'ZQ%EY arer spihat
numerical integration varies between one (1) and zero (0). As shown in Figure 7, the
deviation plots are denoted with E_(7), which, as discussed below, is a function
derived from the deviation function E(T) such that, within each temperature window,
a minimal value of the deviation function E(T) is subtracted therefrom. See
Equation 20 below. As illustrated in Figure 7, the use of the deviation function E(T)

(£, (1) in the Figure 7 example) results in relevant features within the melting curve

data to be more pronounced and readily observable. For instance, Figure 7 shows
that the hairpin Tms are clearly spread over a 30°C range from 47-77°C. As
expected, the shorter stems melt over a broader range than longer stems, and all
transitions are displayed. Since the deviation function E(T) (OF Ey(T) as depicted

in Figure 7) inherently adjusts for background fluorescence B(T), the background is

removed appropriately on all samples.
[00126] Instead of derivative plots, normalized melting curves can be displayed
after exponential background subtraction. The hairpin data analyzed in this way are

shown in Figure 8. Although the melting curves at higher temperatures appear
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fluorescence with tenperature in sone ranges. [00127] Figure 9 shows an

I ntegrated deviation plot (shown as a percentage of cunul ative devi ati on)
of the sawo 2dsri328iepi cted in Figures 6-8. In this case, palrlusScunmwaeappear
reasonable with the | onger dupl exes show ng sharper transitions as
expected Whet her di spl ayed as der|v tive/deviation ots or their nelting
curvel (aHesyRR dies sr RBVRLEs Bogbatnetels ak PREEHot AU Gk R itinseilien 2hor) | may
be ”DrQhéthétw)a'bb@éﬂ pélirf GURFeQedW'a’so*bh%lcﬁwtlhﬂiﬁs%’\/%ﬂeﬁ@é fover a
| arge tenperature range. I n anot her éxanpl e, nultiplex genotyping
of at I|femsesdenge wltt)tegnpfg"awremeommaaues with two tenperature control

cal i br | s perf d hom) 0 t.hout, pr,obes, The o0l onucl eot i de
cequendRd178} “FREEe 3 ROwR AR FRCGIAEY sttty Rk @R L EduredReR &
previ ousnyulatha ld%b%@ioh)/ obah®Bavie @fatdldepid@dh URGeresE Mt YRithig edsd;%all F2,
and MIHFR Variants in a Single C osed Tube by H gh-Resol ution Anplicon

Mel t i nfUrgRR apPesi FeasoRakie wil-the dongeindiapoxemn eBPWinghshaPrE tnaasikipps as

i ncorp y c t 91, | hi .t he
o Pon e [BhEIB RS A b AU, Wbkl PPy
ATCGT %nwama@ermwéwdr ASMHATdeGatidn funchen. £(7lp gy bé)mof@0131]
The conpl enent of the above may be mixed with the above in equal nolar

pr opor trobnst, ajowingeonitreedompatisso phamdiiplacunes that caerrelaige temperaturs)

ol i gonug| eoti des may be bl ocked with a 3'-phosphate. The follow ng 50 bp
hi gh terﬁﬁg?ature control was used: [001 32]

(G CGGT 601\2@ Ol kb BACERII &) AUl HERBIAG D CATIdasT @Y (AFEitge BadeSea.
| D No. 5) [00133] The control may further conprise the conplenent, where
t he bol\@rigatedvitth tyer éemaeater&ar@ntr@bmbmjet%n% W@@%@WOWWM i sted

\?\Hﬁngﬁﬂ{%ro@&%%ﬁhé E@% Ofelji%dﬁg]%? EB&%%%&aﬁda % M rrg%fSRoche

Di agnosdont®|s kathbgen @ré\/loﬂ)élye@ubllsﬁed b Sé\pmMTrTew al., Quadraprex Genbtypfngt he
Vow t erfobae it 4t TUTHES, \@ﬂﬁ”rt%l’”aﬁdgc%fq}ﬁgg‘f’ %Wgé ovatebe |
e SATRIEEN ltog? STHON Enbiclgtias A SRaE Ll oAty
incorporated by reference in its entlrety
[00129] In this example, the following 50 bp low temperature control was used:
[00130] ATCGTGATTTCTATAGTTATCTAAGTAGTTGGCATTAATAATTTCATTIT
(Seq. ID No. 4)
[00131] The complement of the above may be mixed with the above in equal molar
proportions as determined by absorbance at 260 nm. Temperature control
oligonucleotides may be blocked with a 3’-phosphate. The following 50 bp high
temperature control was used:
[00132] (G)CGGTC(A)GTCGG(C)CTAGCGGT(A)GCCAG(C)TGCGGC(A)CTGCG
TG(A)CGCTCA(G) (Seq. ID No. 5)
[00133] The control may further comprise the complement, where the bold bases
in parenthesis are locked nucleic acids (LNAs) on the listed strand only.
[00134] A PCR amplification was performed in 10 pl volumes with 1X LightCycler®
FastStart DNA Master HybProbes (available from Roche Diagnostics, Gmbh.), 0.5
MM each of the FV primers, 0.15 uM each of the MTHFR 1298 and 677 primers, 0.16
KMM each of the F2 primers, 0.06 uM of the low temperature correction control and
0.08 pM of the high temperature correction control, 3.5 mM MgCl; (including 1 mM
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DNA gl ycosyl ase (avail abl e from Roche Di agnostics, GrbH) 1X LCGeen(r) Plus
(avai l able from Idaho Technol ogy, Inc.), and 20 ng of tenplate DNA. [00135]
I n the exwopbw/13e818 PCR and a high resolution melting ePpErisceni3ine? e
performed using an LS32(tm device (available from I daho Technol ogy, | nc )

{111 con(dC) errfeq?égg?ny“%@ oBlbystirtl Blrsl sutliond, 0 i Res Hoiegyadlc. o

25 cycl®RAogIyd §é)ra‘3zal%%%3'ﬁ‘éﬁn RStHe D ri'os‘fl%of'}i’nbﬁﬁqX7E@@rE@h®4Pﬁ1%00nd5

During anpli |cat|on no fluorescence acqw sition was perfornmed to avoid
pr ol onqamgllamfmmw’@@h@ttemnoiagyemc Aandrzhng oftemnplatodNAg st eps during PCR

d it h t d,at, 2 Afte
cool ed 10018%) of TR @R Gh8 GEERR Reneh dsSelfiobahgling, o B were”
conti nwmrmedouﬁﬁgeéwe;wqul @it NavdiRbled font AR TekhRoldgYy s &R0 d. THe00136]
The nelting curve data so obtai ned were &_eocessed to renove eeTponentlaI

backgr dtfad W@%@ﬁ@‘@ﬂ@ﬂ@@sg(grﬁn amitiahnelrdfi 9l o5 Werdn.i Bbaved dydiftaaniivke 10

shove. EiR o8B A tredis BaNe D SaRETER S & AR EP B Re D o
cont rO'foPQ%c@hd@S%”@fo@&Csem\é% 7Beforaf &@éoridécr@@ﬁhgg"arﬁdﬁﬂcétw% of
high tenperature control (small right peak at 92-93C I S apparent that

i nt ensiftupréscence, aqnuidition msnmraxrmeel teddid rm@longmgrtbettampmr@ture emdeSat ure
trol diff |t 0013 t LAt t i t i gh
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t echni ee/slegatdr FeORakaMpIdLware cobleBaUBP CH)Srém lgbeangy 20° (D%H@joﬁmeﬁﬁ@

Figure 3). In this exarrpl e, respective deviation functions E(T) were
gener atG@tivessigggetated nwith icegtinueus ﬂ@IQfQﬁCGDQ@l%BljUISJ’JIQﬂ droph §Festo @dviadl on
functi Cﬁ'ﬁﬁ%&:or(d n the En (T) formdiscussed below in conjunction with
Equat i on are 'provided in Figure 11. As shown in Figure 11, the

devi at i[00136p! Thesneltieg eapesdithasoagitaneatwenegiroteskedoio rentvet expasicatial
transitions relative to |low tenperature transitions, Correct genotyp| ng of

t he foma%;o%tﬂwa're%@aﬁ% Rels @B?aﬂﬂ@@ﬁ'ﬁ@dbaﬁWW'HSGSGWV%ME'W%
[00139] ure ?.ci[ Tsho%/s er| n@nt al %{"g' urves of $X d| éerent
pr ot ei MEPIGRAT PIECT § BT &cPrO&SS?ﬁ FHI Cd;‘é,’escuﬂ% s 10 mPYSe;
nalic dﬁéwﬁgqgmﬁﬁur@sip@w@@ laNB5Th esRfERvtR &hé A tempet Lot sinsddik ) ) -
These proterns were each
at around 68°C. However, even after increasing the amount of high temperature
control (small right peak at 92-93°C), it is apparent that intensity is low, making
temperature adjustment using the high temperature control peak difficult.
[00137] The apparent relative intensity of higher temperature peaks may be
increased by applying the deviation analysis techniques described above (e.g., in
Equations 9-14 and/or method 300 of Figure 3). In this example, respective

deviation functions E(T) were generated using the melting curve data.
[00138] Plots of these deviation functions E(T) (in the E _(7) form discussed

below in conjunction with Equation 20) are provided in Figure 11. As shown in
Figure 11, the deviation analysis increases the apparent magnitude of high
temperature transitions relative to low temperature transitions. Correct genotyping of
the four (4) central peaks was obtained by both methods of analysis.

[00139] Figure 12A shows experimental melting curves of six different proteins:
purified lysozyme; C reactive protein; IgG; citrate synthase; malic dehydrogenase;
and alkaline phosphatase (all from Sigma-Aldrich®). These proteins were each
dialyzed separately against isotonic phosphate buffer saline, pH 7.4 (PBS) and
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di al yzed separately agai nst isotonic phosphate buffer saline, pH 7.4 (PBS)
anddiluted in PBS to a protein concentration of 2.25 uMin the presence of
5X SYPROWY 2@roan3gsa3( avai |l able fromlInvitrogen(r)). Ten RBCTASACHI084Y89 Wer e
nelted at 1C/ mn in a LightScanner(r) (available fromldaho Technol ogy)

bet .3 d_990C. The . |1 . dat

o cubi ILFRSOPNPHY (7 PHECE e BEAe A 22LPO P CERPRICR o 2 MOAt Brent o
[ 00140]0@@@(%vé@é’bléQRirﬁtlﬁvﬂégéN@) | @nPhi%eacidnd ARré& rRatdd BN &t/miik Gk & N

mel ting curves of Figure 12A derivatives nmay be approxi mated using a

cent r alLightScanee r(gvaisaihei fqrnm |qab©11£}:h||¥®|g|y)9 bemeerepw:tamj@@f’@\t i dine
function E Ilotstof t he ??)(Ee“ ment al rotel mel.t.in E’éve dita of

Fi gure IPK" "zﬂE@a d0F1158; B Ve S SIBPoipe 8&1‘%”9_9&%93 M APIPE NG ng
Equat i qasadplet aneiirmneiipriatded ntiasscrspentsabove. In the Figure 12C

exanpl e, the background fluorescence signal was nodel ed using the quadratic

pol ynorf014QF Eiguse i t4B pepicinarivative rlets of die axrerimestalypr @Ia rps@i Mds. The
d
ot m ofcthved U FRPrE oA 0f THE LEARIRS ABH7LR"EDpMimbRY L ahd, B cBHAH( 21| Ve

mel ti ngliferenemgattienigpackgr ound correction. For the background renoval,
cursor | ocations are manual lé set, at 84.4 degrees and 98. 4 degrees (both

| ocat ed0Ph4 lherﬁg?%%n@eme QﬁV@B@QerPﬁBO'FreEET)ngP'(?téa%)ﬁrﬂé% Pherimental

SaP el i ek of FibIRE! 2 TRS Akl rundliokis ol B AEREY”
Wit hi N Behearur36d UsiRREGRRSORS ORB CahdRA rEPvE. 300 bRRKEsSd REbover Flthth%d

mel ti ngﬂcurve is formed by subtracting the background nodel fromthe
snoot hdugeepdZtnexaraplenmdne ibagkgipung tiaergsceamee SRR MASHMOsisIatesied el ti ng

o e AR ALy A0 LR e A e

t ransi tThmdeﬂ'h&ordﬁJmot@hlwasforfnetdﬁmmome&idns&dwts badolyiogrttie apradesticetérour ves
depicted in Fj %ure 12D wer % cal cul ated using a central differencing
t echni qi€achfit %r”ﬂ)lEéiUﬁEO’@é dept the low intensity |ysozyne) show the

expect 3?0'1’2&]“ Ryré A HbBl‘&%aH@m‘;z%mEI r‘n@ftunboc‘?@é? a[‘t@%ﬂiéll rBhHHrc%rrJe%tlgﬁp' cts

pl ots t he |ng curve gure renD
exponerﬁorathb;bamkga;undgrelmmlayrmuadr cdtiahs arg mamuaﬂg sst ghan 4dd|egr‘eesaaridocal |y

const arBS.Efae%reoefs ?D%Qh? at I |n ther B%gll(gnrsou%trgalo%gaqg ?/%at%% r%teltingHég{ures for
all samples). For each sample, a quadratic polynomial is fit to the smooth melting
curve data (depicted in Figure 12A), in a least-squares sense, within the cursor
locations as described above. A background-corrected melting curve is formed by
subtracting the background model from the smoothed experimental melting curve
data. The background corrected melting curves were then normalized. After
normalization, the melting curves typically start near zero and plateau near one after
the melting transition. The derivatives of the normalized, background-corrected
curves depicted in Figure 12D were calculated using a central differencing
technique. All proteins (except the low intensity lysozyme) show the expected
melting transitions in familiar format.
[00143] Figure 13 depicts plots of the melting curve data of Figure 12A after
removing an exponentially decaying background and also removing signal due to a
locally constant rate of aggregation. Proteins often aggregate at higher
temperatures, thereby sequestering various hydrophobic residues that were
previously exposed through unfolding. With correction, the resulting data may
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tenperatures, thereby sequestering various hydrophobic residues that were
previ ously exposed through unfolding. Wth correction, the resulting data
mayr epr eswot0se/B3a1Ikgr ound- and aggregati on- corrected umColuseeng/ossve. As
di scussed bel ow, the unfolding curves shown in Figure 13 have been

R 2= SR R i e et S AT U T e e
[ 00144]elbR, URE OLFINEnG Ue9es adiowl Fi Bilife 133 MMV O aidiamkIBYd ' RViasi ng

the nodel of the experinental curve of Equation 1 to account for an
aggr egandreentege weegeppbdtlel 00 Unf oestiatiggr thgi cageciedo MEsing-(Cuyve= dgta)by+ aA(T) +

B(T) Eg_, .15 [00146] .1 guati.on 15 U(T) represents an unfol ding curve,

A(T) aﬂ“ﬁﬁa}“ééé{?%n‘l%?rgﬂg?‘5'”%%9 g?':l“fatﬁl ckground EO radiation. It has been

observeqdots4yr tThe witbeird BOnRUERES olFiQurer £3 snisbansbtalned by abviging #ie and

hi gh tenperatures, A(T) has a substantially constant gggatl ve sl ope, and,
a

as di sd09d@ldohlbe eexpaingtal cusie GlsEanatiorpdndat acgouneday at @agregafivge
pro%rtﬂe%@e@ﬁér&?ir*’ﬁ%lcﬁ@g h%ﬁ@ﬁéfy an renove the background signal B(T).
S 0

Ot her process or “bac r'enoval are described below in conjunction

wi t h Fijoon45R2.F([r9Qi4m) +The) round renoval process nay COIj.i1e
identifying a first tenperature TL just below the start of the unfol ding

t r ansi t[00h46he re Egbeatiay diSe d417) osepresents as undoldingnclirvee AGHF ah digggegaiione i s

ent i 7 ol90% A8 paCkatPRd S Gaglaln HENHS Hegraapnas (e e o tighal
(2. 0. cuRldd U Thle Tty THR 1ACBIY hcPhidh. @RHdhen i eaipA i Ehe | ow

tenperature range using the sanme exponential deviation analysis as used for
DNA nelsubstpntially genstany nepative: siopeatnd eaatdisthissed @bove athef B(iDrfedewa@® no

o s Susonpnlid A8 TRbHek TUEShEReRies B nS PRBrdg a3 Ahdd e ¢ he
regi on sHckyrsUrRY signak B(EROVBtHehrotdsdedi fo Baokgedurido FembiialvarieC Heder(bBd i S

approximately constant, U (T)=0 and B (T) renmalins exponential. These
condi t iRelewiimgeRiunplien withfigareaddi A" (T) =0 accordingly, F'(TR)=B"(TR) . The

?Tg;i Eit[géﬁ‘r‘isiﬂsa%eﬁ@@?hbf'r%%": @Bpé{ﬁ @%gk%Bg’rﬂ?geE%érﬁﬂifiﬁbi an frsgnal
temperature T, just below the start of the unfolding transition where the aggregation
curve is zero and the unfolding curve is flat. At this point in the curve, the measured
(negative) slope may be entirely attributable to the slope of the background EO
radiation signal (e..g., B(T): F'(T.) = B(T.)). The location of T, may be detected in
the low temperature range using the same exponential deviation analysis as used for
DNA melting to identify the temperature at which the raw fluorescence no longer
exhibits a constant exponential decay rate. See Equation 11 discussed above.
[00148] A second temperature Tr may be identified in the region of temperatures
above the unfolding transition, in which A’(T) is approximately constant, U(T)=0 and
B'(T) remains exponential. These conditions imply that U"(T)=0 and A"(T)=0;
accordingly, F"(Tg)=B"(Tg). The derivative of the exponential model of the

background EO radiation signal may be expressed as:

vy @ (1)
[00149] B'(T)=Ce Eq. 16
[00150] From the two temperature values (Tr and Tg) the values of C and a in

Equation 16 may be found; C=B'(T,)=F'(T,) since from Equation 16 we have

B'(T,) = F"(T,) = aCe” ™™ and dividing aCe" ™™ = F''(T,))/ F'(T,) is an equation
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[ 00150] Fromthe two tenperature values (TR and TR) the values of C and a
in Equation 16 may be found; C= B\TL) = FN\T L) since from Equation 16 we
have B"( ™ 2613TRP =aCea (T t ) and dividing aCea T* TPLTAR2(I0B}49 (TL) is
an equationthat can be solved using e.g., Newton's nethod. Upon determ ning

oo ol IS ER B e 5, IORSEE AR bR 650
E(T)) terRBteyn, méi%ékg%uw@nﬁdeﬂ H%yb@@wét%méd%hwré@fépémwagn@wn@e

[00151] The unfol ding curve U(T) may then be extracted fromthe aggrégation
curve AURe datay (Se&eﬁquatm)red 5 oy he1' TackbHdund o rte aibeainree Herivafiveuolv e

data cal cul ated above). In sone enbodi nents, the aggregation correction my
conpr i dBeiackgroyngroreasted, malting e4rvehe extracted unfol di ng and aggr egat i on

superp It I

2g0r codP 8Pl B R ln thal Hed S shara PSR e AN act ea
above, ow'vera&(we(@gssebﬂractted freas the raad:kgrahmd/co:resteaintrném@@anturve) data
aggregatl on rate Min this ran The a%%regatl on rate M nma r}:@be used as a

‘carr ylc‘r%CLH%ﬁ?Q@qCVe) ofn 88 %’@89@'5”&9”?% aq%@&%tﬂ?l” ngﬁ?ctlor]_ b Compr[S@O153]
Next
por f or L SHE Bl B WRE, AALEE qubfind chB ARFERBREY SlpBiestEr by o
whi ch Aogisic m@dqiaofatssh@her n‘:erapdratum Engensggnegatiam eoavmorege A/(évDuSmc@f D

d kipth d f . Ih | t
S0or cqdne skeRnrO AP it peg St abore: ibazuEe stk lettasue e,

| t

Lt ol di e B o B o e B ounc
and agdnayaeiusedds @ Vearirg capaety\oT fheniegistie medelgr at ed to obtain a
background- and aggregation- corrected nelting curve. [00154] In an

al t er ng00Y52pPRY @3 xtracted unfol ding and aggregati on Egipgr position
by a | ogistic nodel Of Bd4ie) | ower terrperature range i s inplenmented under the
assunption that the effects of ag gation are negligible at tenperatures

up to dABAB3] i N@wbdneﬁ@oaent@peew@ uI a@alyars (2% diRpvsiaceARAYEY eMaydéeot ed
as Ts) . The Ts tenperature nmay ideptified as the point at which the second

der i vatparforofedldiihe §Gantity s4'(Dp+ llej%ania;/e)e(Tetcgid,enﬂfyna fitdingTehgerdnTivhjch such
that U" (Ts)=0. Since the A'(

the parameters D and k are constant. The average values of D and k in this range
may be used for the fit. The resulting model aggregation curve may be subtracted
from the background-corrected curve, resulting in a derivative of the background-
and aggregation-  corrected unfolding curve (See Equation 1,

U =F(T)-B'(TN'-A(T)). The background and aggregation derivative curve

U’(T) may be integrated to obtain a background- and aggregation- corrected melting
curve.

[00154] In an alternative approach, the extracted unfolding and aggregation
superposition by a logistic model of the lower temperature range is implemented
under the assumption that the effects of aggregation are negligible at temperatures
up to and/or including an upper shoulder of the extracted curve, (denoted as Ts). The
Ts temperature may identified as the point at which the second derivative of U(T)+
A(T) is most negative (e.g., min {U"(T)+A"(T)}), such that U"(Ts)=0. Since the
derivative superposition U (T)+ A(T) has been extracted (e.g., the derivative of the
background EO radiation signal B’(T) has been removed), we locate the temperature
Ts at which its first derivative is most negative.
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derivative superposition U (T)+ A (T) has been extracted (e.g., the
derivative of the background EO radi ation signal B (T) has been renoved),
we | ocat ewOhelwwegerature Ts at which its first derivat PC@/uS20101934969
negative.[ 00155] The paraneters of the | ogistic nodel may be expressed as

fol | ows; 0156] UT).= - - (I +.i r(r r- n L [00157], The paraneters
of EquiPPRSh s TR pasemblsrs phinspoiycrhbde ity bRErPES IR LI, t he val ves
of WTs) and WJs) are: 00159] Since the aggregation signal A(T) may be
negl i gilB0@56k| &7 Ts,—the gert vative curve may be eval uated af tgr fackground
removal (discussed a@)di\ﬁ,f) to find WTs)= F(Ts)- B (TS) . As above, WT) may
be integrated to obtain a background- and aggregation- corrected nelting
curve (a nmelting curve that only conprises the unfolding signal, UT)). The

resul ti[0g187f ofTHenpakiAiaterdSof) Eqnatidrt sigdefidy &d \detéMnined®yy apé i faealthyt be
normal i zed to the ﬂercent age range 0 - 100 by rescal ing UT)-=I
ne

0
00( U MY e)qQentthe vatuesnyt Hilghped 18(Tadprest s normal i zed nelting curve data
obtained fromthe protein nelting curves %\Egié?ure 12A using the net hods

d i . ti -1 8- Hingly, the Fi 13 pl ot
dg[s);:(rzlt t]@ﬁg@%)ﬁ}/gal %?ﬁg’g@é\ﬁ% %Elr‘{?géf%?*ﬁ‘) (2f JERe (I Igﬂ?eyle el It?éjtrgetﬂlr o

data. [00161] Figure 14A shows anot her set of é&Xxperinmental protein nelting

cur ves.[00MS9EBIri0RY tise!r ¥ggrdgbtiosiegigaaledh(Th hagube Addlidgibieubtlodt €Fs, atrrer i al
2-fold dilution of purified |gG (avail able from Si gma- Al d“%;j(rp’ whi ch
was fi rd@rivativg wree My heteveRted pdter dackaroupddieme\e (digces above) to

concentd.at i of Ay 6 / 3 . 7 : nd
003y T Py e P TS BT TSl AFE dbove” TRTTima: Be Thifararch "o Wt @

( aVﬁi I ddzlodngczm)d—&‘sjrgfralggﬁ:gaiti?h( rcb}recEem mdltri]ng):cum (avegelftiaggrt%rzedhah oaly

Li ght Scanner (r avaj e from|l Techngl. o difie r__ UV .

oot iy LRlcidiRe raibRang AN e Eor s Lhidlinecr g, CRHsaRgIS ng
curve ' i d j ] = e picts
lote SRl BIoTmaTeAdf b RaHAIRE] BIRK ok aNtaelRe S TP D vee
wer e appseadingatldd)uI0ay( B)/oen{Ual)} di f f erenci ng techni que. [00163] Figure

L B 0T et kN S 00 S B B o Bl e Bt O
melting curves of Figure 12A using the methods described above (e.g., Equations
15-19). Accordingly, the Figure 13 plots depict the unfolding components (U(T)) of
the Figure 12A melting curve data.

[00161] Figure 14A shows another set of experimental protein melting curves. The
melting curve data depicted in Figure 14A illustrates a serial 2-fold dilution of purified
IgG (available from Sigma-Aldrich®), which was first dialyzed against PBS, then
serially diluted to final concentrations of 12 mg/ml, 6 mg/ml, 3 mg/ml, 1.5 mg/ml, 0.75
mg/ml and 0.37 mg/ml in the presence of 10 uM 1-anilino-8-naphthaline sulfonate
(available from Sigma-Aldrich®). Ten ul volumes were analyzed on a LightScanner®
(available from Idaho Technology) modified for UV excitation at 400 nm and melting
curves collected at 1°C/min. The melting curve data was then smoothed as
described above.

[00162] Figure 14B depicts plots of the experimental melting curve data of Figure
14A. The derivatives were approximated using a central differencing technique.
[00163] Figure 14C depicts plots of the deviation function E(T) of the melting

curve data of Figures 14A. In the Figure 14C example, the background fluorescence
signal was modeled using the quadratic polynomial of Equation 13, and the window

24



si gnal was nodel ed using the quadratic polynom al of Equation 13, and the
w ndow dth was set to thirty data points. The deviation function was
formed frwm2otoee3esiast ants nul ti plying the quadratic ter mcofuse@ol3fde (a, in
Equation 13). [00164] Figure 14D depicts derivative plots of the

back t ed | ti f Fi 14A- 14C. T

e U 56k S8t BV &b be® a8 SEHENGR kS abines el ng
backgr %ﬂ@tdrﬁ@?r\(ﬂﬂlplﬁ%%ﬁé qh@@?étic%ﬁmfﬁf e%@h @it @@‘M Eﬁﬁaﬁ&ﬁh@? degrees (both
| ocated in the background region above the nelting features for all

sanpl edP0164} Eigsine Al idepiatsidesivative, peals safi heplbackgsaird-carmectedt medinghe

snoot hed rreltl curv (u | east ~squar s techni que hi n the
cur sor GUBLER oS0 STRE, Sk una e PRerERThATEIRGRERL MR EURs Hele i

subt r acghtaiBetiy Meetekllpisetiiey baskguo o dembualr &seenkatibas alt U@ e Féés
snoot hed experinental nelti ng curve data. The background corrected nelting

cur ves ash 83 Wdegreefo(orihiloeated b rthe Axackawund tegiomabaye ithemelting features
backgrgfég%]l A?z%rﬁgf\e%ﬁdlf&r \égﬁh‘@gﬁmg Bli% %ﬂgﬁgd&ﬁl‘cn nSﬁfgl r\% it fhefnci ng

t echni | gures cribe a nua back ground

correctsrmobthedmnehlmg cirve datacfusirgs aokeashequares! eshniguahywithen uBereror
automatically cal cul ate ggcqléground corrected nelti n%aé:urve dat a as
t

descri HRERUEISow”t RAEKINOY TeciRd Imetf %r%VQSNaﬁlf dE@XaWQ;ﬁ%Ct@Q e
[ 00165]n54QupE the H58i géﬁngeﬁdd@ééé’rﬁ:e”%fgrﬁ%'l If ﬁﬁﬁm A dilged:"é faLf the

protein nelting curve ure 14A obt™al ne met h escri bed
above {reeljing oqueadakansTrﬂeSbacl@roumtcorrdchegllmeltmge:queyJweraEhe;mlrmrmediepdct t he

f ol di . CO| U'T h F 14A [ ti dat a.. 0166
H our o T GRNRRT S e AR bACKOTo RO LB S (T PPOTCRAGac 1 ve
sanp! esusif 2l iténchoRBAhiYe. SAMRbSGITFIGUISS S120 BnaM 41X BRSS!

nmelting curve F(T) that does not include a valild nelting transition region.
A set odnhandlt ba@(gcwma@ormyt@mde@fﬂﬁqumetw teashingseghthes disctosureImanms es

Sl od iy B ERIEEIYY " Grlcls  BerybPBaneE e, Mriid Fe, e ROV

exper i ng¥cribéd belowin ¢cshjlﬁ1€adwwmes$guags 18R eaR@ Equatioraggramg the raw
fluorescent val ues conpri si nqg the nelting curve, an error relating to the

bi ndi nd08y85LisEigure 1t5rﬁeﬁj(¥ﬁt eriypHye @Qﬁ’@@'l'&?@ﬂlﬂnfohﬂ'ég gvyeritata of the pIRiPE ¢
For varfgtfibsfles 1 fibif (hh SRR B55LI RS AP lBterdtenabale (BT,
avoi d dEdettiopsotd-¢ap Abedrdimgyy, dhé Fegureord plots depichthe umldmg datponents
(U(T)) of the Figure 14A melting curve data.
[00166] Figure 16 depicts one embodiment of a method 1600 for identifying
negative samples. As used herein, a negative sample may refer to an experimental

melting curve F(T) that does not include a valid melting transition region. A set of

melting curves may include one or more negative control samples that serve to
validate the results. Alternatively, or in addition, negative samples may be caused
by an error in performing the melting curve experiment, an error in PCR processing,
an error in measuring the raw fluorescent values comprising the melting curve, an
error relating to the binding dye used in the particular experiment, the absence of a
nucleic acid product, or the like. It may be desirable to detect negative samples for
validation purposes and/or to cut down on processing time and/or to avoid other
problems that may arise from processing invalid data.

[00167] At step 1610, the method 1600 may be initialized, which, as discussed

above, may comprise loading one or more computer-readable instructions
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[00167] At step 16 10, the nethod 1600 may be initialized, which, as
di scussed above, may conprise | oadi ng one or nore conputer-readabl e
i nstruct iwosoewmasesisi ng t he net hod 1600, accessi ng one oOPCEaISe0lAsLdar e
conmponents, and the |ike. [00168] At step 1620, an experinental nelting

Chrve. porjoiiis B RESE5E Sehn! SaaEhe b ol Ratmdle o B EFRE e R 110

devi atijpa. function E(T) may be generated according to Equations 9-14
descri bed above and/or the nethod 300 of Figure 3 . Therefore, the nethod
1600 ndP0BE8k oAt i HalQ, @naexpesisnentalgnelingmurye da) onagpe)acgessedt ed usi ng
the met hod 300 and/or may incorporate one or nore steps of the nethod 300.
[ 00170][08163Lk At 158D, 163k ey raPEIREN A NEBINIECHVend(The MdAaIBE, &§ef oto
determ ne whether it. includes valid nel.t.transi.tio egion. As discussed
above. G0 aE deviopdiiRetieh £Brry T e Eline Te dfte s GRrRThe
experi ; td V& 1k ( i - o4nd
o escRRoming 1y Aok 12 daacHBs i BRTR (R Tt S8 FRdgeoy
exponenkthakfodectune rmettonr $§00 hrayt leenoenfiqured toesgicess antteviatidr TYnationr Bgponds
to the background nodel (e.g., i n background areas), the deviation function
E(T) i penesdted ygieg dae methad G aRg/or #a@ Y MCcorperatk: enatqromore; starnsodl theT)
increa§ﬁ§h0§ﬁﬁkffore, the deviation function E(T) nay be used to identify
whi ch po EI nsof the experinmental nelting curve F(T) correspond to nelt

transi tfjoon70pgihertemnd4dhinehdevigtihadkastionngrThisy betsragzeat toodeteryine
conpri se conparing the deviation curve E(T) to a threshold. The threshol d
may be whegtheuthnelhdes desalidtmelh traabition region. t Aadischesed abeve)| theatayiation

i ndi cat ve. of backgr o egi on nd, devi ati on val eater than the

{ hr eandhicudt £ paniatagatly WP el RESnR bR oAb bR e RSha At on

t hresh 1 i I i I i i i e -

L esralelidiss N, A5oel Bhe BERGHIRH Iprocbhof HIE 08, | BT 2,
functi qievitibh Béﬁ\b’eérpré’sﬁ@%ﬁ{/@té%nfaklﬂ&lt dé’éh)Efa'@tor%‘f.er I%Q%mﬁérbﬁfr@afte'g%ﬁ*{sy , Or
in addition, the threshold may be derived from analysis of a set of nelting
cur ves Wherg. F (&) reariesponds e the bpakgrodediraede  efqunitt backgroand peeas). theor

exanp a mean m and standard deviation s of the deviation function E(T)

of a !sgieV(iﬁti%fIUPPH@’ dUfves SH‘&%}', pdecape i atrealtingHegione e devigHan T@netos from

dovi at i b8 Bspene Defe B s hEnShafaR el S Ml RetE olny
which portions of the experimental melting curve F(T) correspond to melt transition
regions and which are background. This determination may comprise comparing the
deviation curve E(T) to a threshold. The threshold may be set such that deviation
values less than the threshold are indicative of a background region, and deviation
values greater than the threshold are indicative of a melting region. An example of a
deviation threshold is provided below in conjunction with Figure 19. In some
embodiments, the threshold may be calculated as a ratio of a deviation function E(T")
peak to a deviation function E(T) average. Alternatively, or in addition, the threshold
may be derived from analysis of a set of melting curves (e.g., a ratio of the average
deviation function E(T) peak). For example, a mean y and standard deviation ¢ of
the deviation function E(T) of a set of melting curves may be calculated. Those
curves that differ from the group by more than a particular amount (e.g., two (2)
standard deviations o) may be culled from the analysis. The remaining melting

curves F(T) may be used to calculate an “average maximum,” which may form the
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curves F(T) may be used to cal cul ate an "average maxi mum " which may form
t hebasi s of a background/nelting region threshold {e.g., as Me, 1/3, or
sone ot hewonratw32818 t he maxi mum val ue, or the like). [O®CTAJS2040/034%¢p 1640,
if the anal ysis of the deviation function E(T) indicates that the

experi nent al rve F ntaln idnelt t an5|t|on
o6 on Gabig0f 3 beckabuaineint dhaph Senald (047 as<Ter T O Rame ahEniRo

conti Ny the ndh@RukPeiluc 06MPEWKEE. the flow may continue to step 1660.
[00172] At step 1650, the experinmental nelting curve F(T) may be narked as

a negat[00&7thnpt @tersﬂéﬁo 116300e rmaplystnpf theedewaton hgnetion wel't indjcaies eat r om a
set of rreltl ng curves to be processed and/or flagging the experinental

mel t i nghe @perimenfaldgeling: qt#ﬁ‘(/%ll’f@) gpes Rahapialr asaig) reelt |tr,@n§5|9g region

enbodi nent s e set, of e nt al urves F C - one
o ror deiholbeReGEn G B i At Valen B h B GV i FhRnEo SE TR cur ves
that argthemngeé gnéqq@v\; ma9>dfbhhhue%'|§fe®01%0 stics indicative of a negative
sanpl e and, as such ﬁ% be used to validate the results. Step 1650 may,

t her ef dpe17%]onrﬁt |sm 46aDaihenexratimentat melting @tﬂrvehé(ﬁ)eg"a@y\b@ RafEcas @ a

list of known atlve rols" to determ ne r t he ative | e
1oL PTnasive saBtie: SiS TBBB TR comBesesSaRBg He e ing cUBE ot oSt She”

exper i mRakiAy dpldd ﬂ&go&Prde%sEég;)aRgmgfﬁéggg@rtlﬁ%de@%nﬁqen\@lmemngr%ufrwgp rve.

I n ot her enbodi nents he mar 1660 may not be pérfornmed {e.g.,

any expsy ameinvalid’ner ‘nieggtivarrseenble ) Inrsime emdlumehﬁsetr@seta@fdéwerwmttai s not
mar ked as. ‘invalid" may be considered to be valid). [00174] Flgure 17
depi ct éﬂalﬁ'ngquéY‘?ﬁatF(\fé @ﬁumm@me @he Qr FRQNRJNOWM (NGGsVEIASETOIs fig H&s&ti ve

| Al nd 1730 th d 1700 | d,
SaTP e ehRgnhPat féERa Les ALK BREATRd O Pt P arEi.s

descri hegicabwry ef 'annééé"tlv@né‘/érhﬁl@ ahd, ha§%§§f$ Ay 18k Lséslo Ja‘ﬂ@ét@ﬂhﬁes@tt@p

1732, a mni mum val ue (m nE) of the absolute’ val ue of the deviation

f unct i cPtep(TBS0umali therhtore cbQrBpEsecoMnEgingrar mnuflewmbbe nggativgysayeple

al 1 *val s o v TEGa R L8R HRHmIRY Wi e et vel e R oot e
EM(T) =nkg&tive contran”E Eq 2 0 [00177] At step 1734, a nmaxi mum val ue maxE and

an aver age or nean val ue nE of
00173] In some embodlments, at step 1660, the experimental melting curve F(T)

may be marked as a “valid” melting curve. In other embodiments, the marking of
step 1660 may not be performed (e.g., any experimental melting curve F(T)
remaining in the set and/or that is not marked as “invalid” may be considered to be
valid).

[00174] Figure 17 depicts an alternative embodiment of a method 1700 for
detecting negative samples. At steps 1710, 1720, and 1730 the method 1700 is
initialized, melting curve data is accessed, and a deviation function is computed as
described above in conjunction with steps 1610-1630.

[00175] At step 1732, a minimum value (ming) of the absolute value of the

deviation function E(T) within the temperature region [Tww, Tmax — W] may be
determined. The minimum value ming value may be subtracted from E(T) for all

values of T within the range [Tavn, Tuax— W), yielding £ (T):

[0017e¢] £~ ()= E(T)|-min, Eq. 20
[00177] At step 1734, a maximum value maxg and an average or mean value g of

the modified deviation function E (7)) may be calculated.

27



the nodified deviation function En(T) may be cal cul ated. [ 00178] At step
1736, a ratio E of the maxi num val ue maxE to the average or nean val ue E of
t he nodi fweaotenesasi on function E n (T) may be cal cul at @dT/UR2610/84969 00179]
mEqg. 2 1 [00180] At step 1740, the method 1700 determ nes whether the

cu . ofaBETRL 515 9T 5 TR, b S s T IR R s

t hr eshaghday 3hkiR: 1 'oank MEshed eeV@haﬁnﬁw.oﬁeEd@f)l PRy Hé’cé}c&!ﬁférd of the met hod
1700 and/or nay be a pre-determ ned val ue. For ‘exanple, for automatic

hi gh-resol uti on nmehfzkng curve anal ysis, the threshold value may be five
(5. Aratio ERsess—than the threshold may be indicative that no nelting
regi on [@R1E9k and, Hs such, the melting curve F(T) is a negatiEg Xanpl e,

Crep 1700180 "H slsRrhAB Tod el 1400 Bt T e WHRlerIBe RN aSSMenval 1o
o _negaldnifie SASGLIRS RS CRLDCT RANE LMbEamMeS! ISl WdD HhAP dHifdtiset

step 1760, the nelting curve F(T) may be narked as val i d sanpl e ‘as
descri u@mn@afmgethenratloﬁu getcutatieovat Isten ¢p34 do@. th[remmq}/ameg uTbe 1igregbpicct s

one enb I ment of net hod 1800 .f.or o) heal Ly identif back r ound
ona o et Ry 1 PR BY & ioRR Ry R b G kb Apchnruhar b BRSO RAENERL "W |
be di saumsed Pel aaxarhiple, tremRRGHhUtiE tﬁlgﬁlréﬁélutldﬁnmleftln@d cuwen@n@@xsmdthlaﬁoo
may be used to seed an aut omat ed background subtraction process and/or for

d| spl aytheashetchealugmaribeifivg (8)- f\h”ét' # legg than the daeshold onayebe indicafivep 18
th%hﬁ?bpoﬂeﬂﬁﬁore% B&ist &ab %qu.ﬂ:’h Whe (meltlﬁé dIsé !Jﬁglg)d |sa%°ﬁggatwo d

COI’TpI’I se all 0oCa Ini I Zl ng resources requlr by t

1800, I@?aﬁ’c’i‘%é’ﬂoﬂ?ﬁﬁ’y EOSHUE A Q@E 15%, Bfhevilel ﬂ?é fléxﬁfrﬁéf‘@ESnt"mf&’étes

froma co er-readabl e 'storage nedi um accessing hardware conponents, or
the |i katep [1(760834\t stepst &), 1Beanelting auevé ot 780G YN Naerked sasaan emrﬂldlcmant al
melting curve F(T) , which_may conprise a set of raw f| uorescence

measur eHagdtive sample At dessiibed @@M%F‘a?@?lémtﬂfbwétﬁpﬁﬁpr?@rﬁoal Afstan hg6@ur ve

F(T) (e dﬂ&hquecLﬁ‘anﬁ{‘ﬁ)rWbE'MQFkG‘e%CQQ%Ev&WEQHﬁ% a8(ddscdtd Aoveumh. may

be node sum o
conjunction with step 1660.

[00181] Figure 18 depicts one embodiment of a method 1800 for automatically
identifying background and/or melting regions of a melting curve using deviation
analysis. As will be discussed below, the temperature regions identified using
method 1800 may be used to seed an automated background subtraction process
and/or for display or other processing of the melting curve data.

[00182] At step 1810, the method 1800 may be initialized, which, as discussed
above, may comprise allocating and/or initializing resources required by the method
1800, loading one or more instructions and/or distinct software modules from a
computer-readable storage medium, accessing hardware components, or the like.
[00183] At step 1820, the method 1800 may access an experimental melting curve

F(T), which may comprise a set of raw fluorescence measurements as a function of
temperature. The experimental melting curve F(I') may include a background
fluorescence component B(T) and, as such, may be modeled as a sum of the
background fluorescence B(T) and a “true” melting curve fluorescence M (T). See

Equation 1 discussed above. In some embodiments, the accessing of step 1820
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background fluorescence B(T) and a "true" nelting curve fluorescence M (T)
See Equation 1 discussed above. In sone enbodi nents, the accessing of
step l1820wayofoum3esier conpri se accessi ng and/ or cal cul at iPag/ts20m0/088b9 zed
experinmental nelting curve ~F(T) . [00184] At step 1830, a deviation
function E(T), may be generated. The deviation function be gener at ed
Using TEEROHTE60 ERBEHSOCRCRSS. SrHie CaILatOteg TOI0NERY o fiaal
accessifgs Wetden function E(T) generated by an external process (e.g.,
nethodrggS@QQ%nJ?§¥92tep 1830 may i ncorporate one or nore steps discl osed

in the [op184p A08ter POIBH dé@iaﬁéremrﬂ&iéﬁ,Ele‘r)endgﬂbétgbﬁara‘temctﬁh@ruéwwdw used

to identify a search region for the normalization cursors and, by
ext ensifonctian meyt beggemeratad usimgwirietihod 300 desdriveg ebovee F{H@reforés step

i et e T
A L R i M

of steplidddedrmytheanpthiose3godenti fying a | ow search region T!ow and a high
search region Thi ?h. | dentijfying the | ow search region T,0 and high search

regi on [BATR] n&Y siey 8d0eiBe RHeviatiphiyngiion malyt pegisedaisiideily e geareh

t hereb : re+ egi v i ] oW
and bol SRy 'gh ranehaARE S e B A e ey ool GiingfnD o7
st ep 1886ltingycbeeused)t.o Adediscugsed ealbeigethat searchegegios ofay rdoenise
(e.g., the | ow background region, the high backﬂround region, and/or the
mel t i ndPackgramnd regiepst ledhs . Meligat ceRvend” (7heswhicBnpvatiiaekategi medingay
conpri se corg)ari n khe devi ati on funct'kon EﬁTI) of steF 1830, t0 ,0one.or nore
t hr eshd[@iIoRsT §-Be FOTHIRE, @ 1QWi0GRKIOUNHTGHIONREREG BNRHPISEENSHBCat i ve
of a Nelid g feai . oo Lo G Al e
backar cus P SaSpERE EsBRRIRL MY PanSloREY INIolRE: &) eBing
conpar iaigstepel 8d4vinayi comprige identfyiH{I p tow ee@rcbrreginre Mphragshalhigh seergbut i ng

an average d/ or  rati.Q eak of the viation function.E(T) to_a nean
or averager; faredtSiiRore Fo R SREGLRSHN Aoy rOUGHORSERGD BT dheclieles
i dent i fyy &teAsidhN@lehtifed meting GERSIKISH YeGiohaBebRIWdeP L. gThhe téhpeleliieng a
single nelting transition, one skilled in the art would recognize that the
met hod regon keiweanpPoxaapyéegivd Taertd bglowmigh tiegen o).
[00186] The deviation function generated at step 1830 may be used to identify the
temperature regions of interest (e.g., the low background region, the high
background region, and/or the melting region therebetween). Identifying these

temperature regions may comprise comparing the deviation function E(T) of step

1830 to one or more thresholds. As described above, regions of high deviation may
be indicative of a melting region, and areas of low deviation may be indicative of a
background region. Therefore, the identifying of step 1830 may comprise comparing

the deviation function E(T) to one or more thresholds, computing an average and/or
ratio of a peak of the deviation function E(T) to a mean or average thereof, or the

like.

[00187] Although method 1800 discusses identifying a single pair of temperature
regions (7w, Thign) bracketing a single melting transition, one skilled in the art would
recognize that the method 1800 could be adapted to identify any number of
temperature regions (7w, Thign) according to the number of melting transitions within
the melting curve data. One example of a method 2000 for identifying multiple
melting regions is described below in conjunction with Figure 20. Therefore, this
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tenperature regions (T/Ow, Thigh) according to the nunber of nelting
transitions within the nelting curve data. One exanple of a nethod 2000 for
i denti fyiwo 2o/132§1Be nel ting regions is described bel owPCH/USQIOMBHIE9 on Wi t h
Figure 20. Therefore, thisdisclosure should not be read as Iimted to

i dentifyi any articul er of. search regi ons and/ mel ti

tr ansi 1RGSR ARG il B6 a8 m0 iesh T g nBednd RAuRE nomtRs. Syl o
of a deypén Réyl@rh@én@/brﬁﬁé{m@{raﬁma@é Mitirdg Walinpeuhdnctions. In the Figure
19 exanple, a'single nelting transition 1920 is depicted. Therefore, two

(2) terifON88LIr EigusgiichdepiTisOone 3ixaanpele Toff a matlolmaplob@f isevatdl faxempiaryst ep

1840. her,. exper.i.nent al [ tin rves m |ncI dd| |on

Lransi (URITRERLOTE: dh MR Lol 4 ERnFEY & Roots Hedifd kaRPlgnofidd &
Ther ef ajepictee Triégsiord It&@tezqmembesétam ﬂe‘@;‘?&ﬂSTFMomPﬂ%U laﬁ@ rhgﬁmgzszf)ymag b
background tenperature regions within a nelting curve {e.g Ti ow |

and
Thi gh_ idewiifieg ahatephi §0-2 Other exwernaswntalamgltlmagwrms e incbide: paamenal ng

transit cleugle c

cor  es AN a B TRE AR GE o B8 Tl A Bpiodg] imeretorgg 16
Howev erthe ddéstifibatiof of astéip mBl40| Mm@y I ey prise tdwtufyatg innigackgro@sd eémpoeature

di fferentpg]eno_t%pes are simlar. This allows one nelting region (wth

f1 anki rf§9 SRy Gr?d@')eltfrlg %‘érvle(rel%ezi—/OWﬂranﬁ'quthhm o arPEsThigiznce ety
anal ysi g cOPRLES o‘ﬂrﬂ%} Hét‘(§ bﬁs %éflﬂc%@ %EF& H%Itﬁr@; b@tfeg%%ese

aggr egat éz‘regl ons rat an i n | VI ions for e 89]
The ter&mhatmrespmgﬂmmﬂoﬁ Qiffere80 gendtyblm dor eaathphayl 91@ sé1dctard 4916,

i nt th t f t E(T) of st 1830. Th t
Funct i QOB US0RCf | TRt (FebPfoPasn A P BD0 CURE=ar ribFe HBTPat i on
L hr eshojeibpedir diftfiat emﬁ@raﬁm@oﬁ@m.dg;re@;.@h \wig flbnIFy baBRgroundl) @f the

exper| ment melting curve % In the ure 19 exanple terrperature
r egi ondaielined foe nidiplatdusves. uaitice dnelENg pniasy siseeamMpams mhélptehwya@, ltj|8191 0

may be identfli S o] 32 ere

whor o N R R R AoOE R stor PoeL it wOREAET Rag Bl

i denti fdzeth @gve nelting region 1920. [00190] The threshold 19 10 may be
pre-determ ned. Alternatively, or _in addition, the threshold 19 10 may be

cal cul d004R8), TberagPRiPLIRraeTaor ST s 07 Moy e prigpied vgnas
exner | 0% alia el Aoy HERER 1) 394, Y8509 TheRSRlA ficRn 3 g | o

function aver agi ng an i 6> Cal Cul ation nmay conpri se outlier
melting curve may be compared to one or more deviation thresholds within the

temperature range [7.. 7. ] or [T. T _—Ww] of the experimental melting curve

1’1’1].1’1 max 1’1’1].1’1 max

F(T). In the Figure 19 example, temperature regions where the deviation function
E(T) is less than the threshold 1910 may be identified as background regions 1930
and 1932, whereas regions where the deviation function E(T) exceeds the threshold

1910 may be identified as a melting region 1920.
[00190] The threshold 1910 may be pre-determined. Alternatively, or in addition,
the threshold 1910 may be calculated by averaging the deviation functions E(T) of a

plurality of experimental melting curves F(T) and/or using a peak value of a
deviation function E(T). The averaging and/or ratio calculation may comprise outlier

rejection and/or other statistical techniques (e.g., negative sample identification
discussed above). For example, a mean u and standard deviation o of the deviation
function E(T) of the set of melting curves may be calculated. Those curves that

differ from the group by more than a particular amount (e.g., two (2) standard
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rejection and/or other statistical techniques (e.g., negative sanple

I dentification discussed above). For exanple, a nean m and standard

devi at i orw® 20fo/t3p8a3devi ati on function E(T) of the set ofPCEaISINg3496Y ves may
be cal cul ated. Those curves that differ fromthe group by nore than a

Phe. ando@Ereimey i filel o PRI Gs TP NEUMELDE Asve ) L[ e an
ac o iP5 8EL R o WK Y, 9eRda eRalim b e TN s HRodie)

Fi gur e theeshiohvso101eg. (8 16xeNB] ar yomhevotaer edtid ohthe masink(rh) valud,9dr the 1914,

and 191 6 . The nelting region 1920 is depicted as a region where the
devi at i'68)-f unct i ons E(T) 191 2 1914 and/ or 19 16 exceed the deviation

gt on TORLYH Fidhre U snBaE T8 A8 SRR a IBy SR TGl G e TR
bel ow tfee4dexications. t ks hedind Yeglon 10001820eelry HsnNE RYidn tWhdregtiee 18,

at step 1880, the tenmperature region(s) identified at step 1840 maé be nmade

avai | atsleyviation tunspeay &ifd/ 6912.ut Hararpﬁ/@&é%ﬁ@ceﬂ@l tﬂ@sdevlaw tarespotog 80
may conprise storin he entif ratur 0

comput el 0o abapier ShskamuniaRoi TR SOR RSt e BlRia e S MieTel. g
over | ayhBaggést, r?%ﬁ&%r%n 79 o4 @y19ﬁ4n%lnhyd}919% VRIIdgE Bl thS| diidtfid

regions to display a portion'of a nelting curve data {e.g., displaying only
a nel t ithgeshe q)gn@f the data), transmtting the data to an external system
and/ or Brocess an exponenti al background renoval process), or the

like. [L ﬁe&ml@gzba% ta Figee diagrlafiasr 1860t Hee temReaiwERtregioNdShet hod
2000 f%eﬁtﬁ[}e%”?ﬁét% l{gug ﬁhsgtaef bh'a@%e %?g egﬂégg%% di%‘?'fﬁr‘t@% ;Br'b%@%é.ﬁg dapt ed

regions Wt lt1n rve ure
to i dems tgsenidad, regep e!@BOnmawctdnmpnse eblr|hgrtgeclden’m‘lecd)tqmpmngemgtormd;)e

mel ti ng regi ons a i C j o robe nelti i on.
o D P BB e Berdable rormps ety Qs ik hedionen ehadkibicn

mel ti ng)\feﬂgym@ fRYY ré@oﬁ?rcﬁm Br ?@?Iﬁ"ycémd n‘ié]ﬁr'ig té‘u?vé” , TRidd e rr@ 0P8 to

Anal ysis of "a™nel ting curve o hi's t rising anplfcon and
probe rdisplan@ pqrgmwé)a melingldusve flata (sa gruldtS@mamgsomytamedimgswnﬂ abthend

Senot VL%, BRNE g PR, B oS LaB ORIt ot

exponential background removal process), or the like.

[00193] Figure 20 is a flow diagram of another embodiment of a method 2000 for
automatically identifying background and/or melting transition regions within a
melting curve. The method 2000 of Figure 20 may be adapted to identify melting
regions within a melting curve comprising multiple melting regions: an amplicon
melting region and a probe melting region. As will be discussed below, in this
exemplary implementation, the amplicon melting region may be more pronounced
than the probe melting region. Analysis of a melting curve of this type (e.g.,
comprising amplicon and probe melting regions) may allow for simultaneous
mutation scanning and genotyping. However, the teachings of method 2000 could
be applied to other melting curves comprising different sets of melting regions.
Therefore, method 2000 should not be read as limited in this regard.

[00194] As discussed above, the melting curves processed by the method 2000
may include two (2) melting regions (e.g., amplicon and probe melting regions). An
example of a deviation function plot of such a melting curve is provided in Figure
21A. The method 2000 may be configured to automatically identify four (4) distinct
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Therefore, nmethod 2000 should not be read as Iimted in this regard.

[ 00194] As di scussed above, the nelting curves processed by the nmethod 2000
may i ncl wie 203 nel ting regions {e.g., anplicon andPpraiseowsbiobng
regions). An exanple of a devi ation function plot of such a nelting curve
i's prOV|de The net hod 2000 ma be onfigured to

hut DradPERETSU T uALes;  polo PPIRS (REET R MEE: a0 ATdes Mah | 0PISAR i con

t enper %pr%ré(tﬁté"?/a% lr,ang Brdvkeh tﬁ@pérhﬁ%nt ﬂt@?ﬁt@tre'@@nv%hﬁea TowHbidbe

bracket the anplicon nelting region, and a low p nBerature value 7P L
and a Hegwepatohe valeepbrzang @ high pmbﬂietmpefaweyaIQmEPHt eaaket thm.rqbegu on.

The te ntlfled <.T TA H
[00195]rm§'tt'%§%8§§’”2ghﬁ%§%(ﬁé&§6‘f SNASS R & aniahs H%”baé o T TR S 24l s
access TEl.ting curve data as described above. [00196] At step 2030, a

devi ation function E(él’& of the nelting curve data may be generated. The

devi at i[88199hc At skens( 29 10napdi029k ke aheifod 2009 W@Urhﬁjlmmilzaﬁoﬁrtsﬂr apgess
|ncorp%glttlh§g:upvrbed aé’g)&g%%bge f cMet hod 300. [00197] At steps 2032 and

2034, a mnPmumvalue nmn H&V&bsol ute val ue of the deviation function
E(T) w[00196] hat ep2030,ud eeviatige flAotion ETIMof tha\hidlimp eunicud&tawnag b
width)] is determ ned. The m ni mum value m nE may be subtracted fromE(T)
for aI |gengrated. o“the7dWiaH¢mft{rTntibn E(maxay beNjenerateddisiog Fgtiod Glkans/gr) = |
()|- mni . A maxi nrum val ue maxgE of Em(T) nay be determ ned as
descrl H?é’d'n%tﬂ%aﬁ'rtg QR PLAre SteRE @HMetees300z32-1 734 of Figure 17 . [00198]

At ste urgﬂb M‘%tésdsr Qésé%%doioééﬁ@fmﬁﬁﬁﬂrﬁ%a‘lée %EEOMH?%ESJIU% fvb[%r%t?fet of

terrper ur sor rise’a | ow anplicon cursor

anpl i cdhecdestionAtFumntmkeE(mg withianhe ctammperhturag raege ofV. ] hé Low aWpI icon
cursor tAL may be the smallest value of 7 \(Iwithl n the tenperature range of
Em(T) )(terReeratunee Wwinsioyy uvigthyhlisiedeiernpineddevingt NdRiMWRAcYalon MRETYNAYs bgr eat er

e SoH @%%L%?‘ ‘iO@cEf?-‘)t I P S P WOW%%@M QTR ory
temper ab o/ FATIF ST hg Adiar e YR SBatiof dnd! Tuah & SRR 45

tAL in q]éycﬁbge%bbw? meameﬁ&.dmwﬁ Qs frap Tl op pibody AL 2124 00201]

The hi I con nperature va tified as the | argest
[00198] At step 2040 the first set of temperatures is determined. The first set of

temperature cursors may comprise a low amplicon cursor 7,, and a high amplicon
cursor 7, . bracketing an amplicon melting region. The low amplicon cursor T,
may be the smallest value of T (within the temperature range of £ (7)) where the
absolute value of the deviation function E _(7') is greater than or equal to a particular

value. In some embodiments, the value may be maxg scaled by a scaling factor

(e.g., 1/e, 1/3, or another scaling factor). Accordingly, the temperature 7,, may be

identified as the lowest temperature T satisfying Equation 22:

max,

[00199] T, = mTin{|Em(T)| > } Eq. 22

[00200] One example of identifying 7,, in this way is provided in Figure 21A,
which shows 7, , 2124.
[00201] The high amplicon temperature value 7, , may be identified as the largest

value of T (within the temperature range of E (7)) where the absolute value of the
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value of 7 (wthin the tenperature range of Enm(T) ) where the absol ute
val ue of thedeviation function En (T) is greater than or equal to a
parti cul awovaloms2816. g. , maxE scal ed by a constant, suchPa3/ubb@)/0349%69203]
One exanple of identifying tAHin this way is provided in Figure 2 1A

whi ch shows. t 2,126, 00204r] I n @}%ge enbodi nents, .at step 2050, the first
set of RARHONURCESN ¢ A (TAnt 9'RAIF AN PF E8Ual I0sB rbeMIBr alente- dodi#Xed.
The anal ysi y. i pr oyved using tenperature val ues outside of the

val uesaﬁc\é%qugﬁ&otﬁgﬁn_t, #Wéraesr @bréé respective buffer values BA L and BA H
may be included on either sidgu,ef the tenperatures tAL and t AH using buffer
const arl09262] L Tapds Bf\X{{E,,,(Tt)h%—vaf-he of which may be enpirical I59.d& er mi ned.
The buffer constants nmay be sel%cted to be close to a feature size of

i nt er eqpopd 3] Orichexambld BY ideHttAngar 2 {#. s we)Os proVRIdE TP EIGIrE 214,
Iocatigns, therefore, an be no |f|€ed“fo be TAL - BA L and TA@EH + BAH,
respectyyieh ¥howser Fi gypg 2 1A. In addition, and as depicted on Figures 2 1A
and 2 1B, backgrourfd tenperature regi ons based on the values t AL and tAH

may be [gebo#EdIP¥oRAeEABoAMNRATARES D0, BictHIST st siaekpeffffes F00Z0R] As
wi || be discussed below, the tenperature values tAL and t AH and/ 6t

t enper af ur edeREAN afl8idp12040 REE G nidRificRe FRedadfydisenay e PaskIedHd
and/ or nelting regions, automate an exponential background subtraction

proces %sﬁﬁ%mpéﬁé&r@ﬂlﬁﬂ%@é&t‘s% ofae RRIUESEH { @nEORST I UHerdfore X R8pEEtveal

nmodel of the background fluorescence per Eqliations™2-6), used in a

cl ust erduir alUEEapN NEhPRBET afhagbe iﬂ_EI:_IuHEG dribéiﬁwer@?&@@ﬁ]he“ﬁen%e@ﬁtu?@@@ a
may

probe tenperature fégion Wi'thin En{T) e identified. The tenperdfure

regi on gFY £ONPLsiARG biifelt RBACEALLIT £ rapae kel owHchgaleweyr WRRrREehayUbRe (AL

) of the first set of tenperatures.”fn sone“énbodi ments, the tenperature

regi on dmyirieglly eeeirniiféd t Phe buafebWdrtantdl May nderictédeo helidbsef td e
deviation function E(T) tenperature w ndows Tw Ee. all_T of En (tT) bel ow
@

TA L - fepture siag pf interess witimdhemeling syren daig ¢80/ 1063, tThe SepBAIWE! i ng
i i i Lude th i It iop. S

i our o 9P MR, Worblah®, Fl B mOdfedi6 HeET i S R g gt ofeRes Y eoe”

Por "t i S8 EICURE M PIRAAGR A b Molciél B Rig3relupOh ahtif ebachofolind

t enper atmpesatliRe regions BPaseq ondlie valuedent | fanddr af treay bbaldfinedtbysadding a
tenperatures (TA and TA,H ) and using a sub-set of E(T) . However, in
W parameter on either side thereof.

[00205] As will be discussed below, the temperature values 7,, and 7, , and/or

temperature region defined thereby, may be used to identify background and/or
melting regions, automate an exponential background subtraction process (e.g., the
temperatures may be used to construct an exponential model of the background
fluorescence per Equations 2-6), used in a clustering or scanning operation, or the
like.

[00206] At step 2060, a probe temperature region within E (7)) may be identified.

The temperature region may comprise the temperature range below the lower

temperature (7,,) of the first set of temperatures. In some embodiments, the

temperature region may be lower than 7 a buffer value, and/or the width of the

4,L7
deviation function E(T) temperature windows 7, (e.g., all T of E _(T) below
T,,-B,,-w). This temperature region may include the second melting region

(probe melting region) and exclude the amplicon melting region. See Figure 21B.
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ot her enbodi nents and/or in other nelting curve types, this nmay not be the
case. Therefore, this disclosure should not be read as limted to any

parti cul awoanters2&aand/ or nunber of tenperature sets. [O00POT[US2Ze109809p9 2062, a
m nimum value mnE o E(T) within the region identified at step 2060 nay be

d ihed. S 032 d ab h ] | d
Gener AtAS B0 1) TIGTRi 41 A f8C PENR PR 1! Fdion AP PETess RPPPBNERS Bah € Ene
(T) to é?ﬁpl%o?tt mBAGSBEHN (a@rab,-:arhtlflgd bg' EEcggf).e¢dr%|§tr6§§or2Qﬁ8339&9d Se{Q|0208]

At step 2064, a maXi num val ue maxE determ ned. See step

2034 dlté%)@ﬁ@tdre?d)@/gt tt@pr@&@n&férébr@é%L%ﬂdFﬁg’W ey Dellleanfe® atBr tHe00209]

At step t he second set of tenperatures may be identified using the
maxi murfirgiaseleofigrizeraeres (1 neandt et )eanQo@mg A JUbrsetedfp & Bt-uHOWRMEleiNTP of
owest nperature within the

h d of
o s Al e S bg R TR oh e ST maRing: ury S vnes. JRBLT ey Tide (e €355
scal ed 'méréfd?@ntﬁtsa@%cl%uﬁb shoUI@hot @6%5—5’ a3 likftb oo é:rt)gb'érﬂcglailgrde?‘ A

tenperature val ue the second set of tenperatures may be the highest
t enper atumikengfitamperaigre egfison where the value of En2 (T) is gr eat er than or

equal t 2 ,as, SC by .a const /e T n Ei gure
> 5e (BeZRE AT SRER0Sh o SRR i o p DekindRE reBioRet SR B e

be nodi [ uf

torper S1ch 24Py B ede P R ROST ucRRd apBut e gl Vg,

St ep 20H8y beamesstedyerizoate; £S&E) alithin ffee tenspérailfd ragidnArdféfiedrio Fiegeineas? 1B.

[0021 1] At step 2090, the first and the second sets of tenperatures nay be
made avéj,l(Bplte beatistihgsished feord/ By (Tusdis¢ussedan stepsn@32:2080)hal processes. In
sone enbodi nents, and as di scussed below, the tenperature sets may be used

to aut d88208hnAb%iaene0Rd. & MexiERGNO@IE B1Er GEE, dF) phay begletemrinedadsice, t he
first set of tenperatures (TA L and TA H) é be used to subtract

backgr GipRI 20R4 diRcUsRRM PBBKE ] Plag 90&5.26&2 UhbigurRs SR gRd 28 o
tenper a[bpgg%] (Iﬁ ?érpjzaf’o Hhb g%xme éﬁﬁ%ﬁn?eﬁétg%el’ b@é@nﬁﬂ@&’ u%ld@ofh"escence

inthe™ g region. See quatlon scu sed above.
Al t er nahaxieiym valuel maagddeteoninedhsd mﬁb 2064. telopetemtperaturalvaes iimy obtheused

t t ticall de f t he di d/ f th I
and or OB YR IQfHG PEBGHERRC T BE R WE FEHIArSL-Es SR T LmPR R or
zooned r\ég R \Hlﬁer*eftﬁer\)%ﬁj@&t EVQTies Géief %h%éﬁég,asoéc%\(é&' By 2% TBILd

clustering wthin the
1/e). See Tp; 2154 on Figure 21B. A high temperature value Tpyof the second set

of temperatures may be the highest temperature within the region where the value of

E_.(T) is greater than or equal to maxe> as scaled by a constant (e.g., 1/6). See

TeH 2156 on Figure 21B.
[00210] At step 2080, the second set of temperatures Tp; and Tpy may be
modified using respective buffer constants and/or a width of the temperature window

W used to generate the deviation function E(T). See Step 2050 discussed above;

see also points 2164 and 2166 on Figure 21B.

[00211] At step 2090, the first and the second sets of temperatures may be made
available for display and/or use in one or more external processes. In some
embodiments, and as discussed below, the temperature sets may be used to
automate an exponential background subtraction process. For example, the first set
of temperatures (T4, and Tan ) may be used to subtract background in the amplicon
melting region, and the second set of temperatures (7p;, and Tpy ) may be used to
subtract background fluorescence in the probe melting region. See Equations 1-6
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rel evant region(s), and so on). [00212] Figures 2 1A and 2 1B are plots of
an exenpl ary deviation function En (T) 2 110 generated using a nelting
curve corwoizsiomgzaa anplicon nmelting region and a probePGEIUS2019/084969 On.
[00213] Figure 2 1A shows the operation of steps 2030- 2050 of met hod 2000

d bed ab F 2 112 sh E of En (T) ,
2110 SRRtV S! AR el A Bi 2o TN < it Sats of Hbes el e o Uesmas eba | &
the | owrgld E&%‘E‘drﬁbh’ééﬂy—rﬁrdw&é foied iyl )ad&oﬂﬁﬁﬂe%émbh@f‘ teé eﬁﬁHF?éont 0
maxE/ e, and 2 126 i s the highest terrperature TA, H at which En (T)

gr eat erartd/rarnpmbeemﬁmng oegiarE/(e.9. Asutomaaiically dmzjay@ scalad amd/or eznpmeﬂt ure

val ues TA. L d TA H.may b m)dlfl ective huff r const t52134
oo 148 RS bt R pe B Pk el Bl ViF S 0 T USRI WA s v
t he opq@@maﬂrqo%gwﬁgﬁgnﬁow of nmethod 2000 descri bed above. The pl ot
2140 incl udes e nmelti ng@re ion, which may conprise a sub-set of the

terrper 400222} aﬁ@lr@ﬁ’« 28A an 2(1B. g€, plptreot ansxertalary deUGOTHBINGHOR AL, (T)BAL -
w) . The function EnR (T) is generated by subtracting the m ninum vaI ue

m nE of2tRegemyaias BS'OQIEU@%W”QL REVESAMRTN ?Urﬁff‘P'dﬁ?”f Beltag regian,@ed &  E( T)

W t hin tim@k g region (e.g., the tenperature range identified at
step 20@8%%91 é><qldr,;um val ue maxE2 of EnR (T) 2142 may be used to identify

t enper e[OOEﬁBNaFigweTI—"IAR stwsamlde Tope2atldr® . of Tstepb 020 34)- ﬁbﬁOt@‘npmtmmrXOODP 2
154isddeé das VF\Dﬁ% ﬁ@ erature at Wthlh Enp (T]) % g‘rjter
t han or Ot’ﬁe 5&%@6‘ L8 KB MalkeIrase obfa (Fhe Hidgh

i ch_ Engno i Sghie e RediSg e fare B8 BRiededRae 2 IBF 1R 2

( max E2/teinpefSturI TN at WHitrd W @7 ¥ id BredtBetHapnpres @i e Indi2/&rnshd 21265 e
nmodi fi ed using respective buffer constants 2 164 and 2166 and/or the

t enper aighestwenthanatorelthy Mat WHOHLS Ay idi greassrethaabor equalhe hexpes. atAy e
val ues identified in the nethod 2000 may be used to subtract a background
fluor esatmwremlﬁgmle B(A) the demaeraiupe va st &l\L rapldt iTAg roay vee nddiBedrdy be

done u5|n t.he b round,t ratuyreyal ues ntified in.t 2000
(oo, . TeRectiR s crasriny ELBE R Iab R e TP BEA g S BHBIY ng
regi on h02 JDE F@EIP@@‘FB”%GWSJ Yes &éérbﬁt%ﬂtdffétégs%dlﬁogée& Frﬂetrﬁ@djeéoo@n
exponentl al ‘backKground signal per Equations 2- he nodel of the
exponerdQS@rlbb@c&@WﬁdeMypbte 244bt ingbides Br thehén@wp@rre@mﬂt, awhiebl mayg

curve comprise a sub-set of the temperature range of £ _(7) (e.g., the temperature range

below 7,, - B,, -w ). The function E,,(T) is generated by subtracting the minimum

value ming of the absolute value of the deviation function for all values of E(T) within
a probe melting region (e.g., the temperature range identified at step 2050). The
maximum value maxg2 of E_,(T) 2142 may be used to identify temperature values
Tpr 2154 and Tpy 2156. The low probe temperature Tp; 2154 is identified as the
lowest temperature at which E_,(T) is greater than or equal to the scaled maximum
value maxg; (maxgx/e), and the high probe temperature Tpy 2156 is identified as the

highest temperature at which £_,(T) is greater than or equal to the scaled maximum

value maxg; (maxex/e). As shown in Figure 21B, the temperatures Tp; and Tpymay
be modified using respective buffer constants 2164 and 2166 and/or the temperature
window width W.

[00215] As discussed above, the temperature values identified in the method 2000

may be used to subtract a background fluorescence signal B(T) from an

experimental melting curve. This may be done using the background temperature
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F(T) per Equation 6 . [00216] Figure 2 1C illustrates another exanple of a
process for identifying a cursor probe region. The deviation function 2 160
may correspent/3es1da protein nmelting curve. The exenpl ar pCaas2@Enioped unct i on
2 160 includes a baseline deviation 2 165, a melting region and a

back d ted a 2
e on (ol EeaeL F R BRI 2080 185 il FEPGRLTRAILGS rAgIgine |

patter ngmp Iﬂ,ﬁﬁmhaﬁ@gfﬁ%oﬁfeﬁi@régi’o@s)d"fﬁeeEeﬁ’ﬁber@'hﬂ’ee\}dmeé@&‘@d’éﬁtmed%b?%ecUr sor
probe region 2 17 outside of  the nelting region(s)), the nelting curves

of di f fusegnto modebangmoeeeilah ankgrathics sighbbper Eqsab@wafﬁauﬁﬁermgdelnof

(cursor, probe re 175 to be us W, L h rrul Ie curve ce mel ting

el yertbBeanparEt Hhckathd fryde Siribd st e ednfty csld sThee an

aggr egarery eer BauaBod 6. reg| on 2 175) rather than individual regions for

each curve. [00217] The cursor probe region 2 175 may be identified by

sel ecti[002%6patigure2id iHustsates taawtresraang|d 62 aprdcésssfor ndertt@pn@@@rwr
ature Tc 2 174

F 20 The b d ot fied
ThoUhr offobe ose I BoRRHSe HRCHr T Bacm e s rrshob 8 BuBRERd T ot he
t enper e W@gﬁ(&ﬁm%waﬂorpfur{ctlan )21‘60\"\710|)Jdé§‘%tbés%llﬁé%@vfﬁtlohh?m@%d/ or

equal to a deviation threshold 2164 devi ation threshold may be defined
as a ranekblngfreglqmaﬁhdmmaakgreundm@nl(@ep(czbed aSsq)pe@@rtmobeeeglohéW@u rmm

See " EquilT G1R158 BRiprDoT B8\ LViallsH | PhER 2260 el Bt MG Byl
probe regiepis, 2edofb com¥spenhdieg itd efl dareréepriot&ihNIHbRBPEr, ah lthéscdr!?@{ mbe
greater than and/or equal to the background cursor terrperature Tc 2 174.

[00218]r99@ncﬁ157(351@§$‘dd%@6ﬂte meling,/roirn(s)), heemakingaaunges ehdiferit roteinsy may

be pre t e t of a
devi at Iegrﬁ uncf'l gl'nkﬁ%(aﬁ§w§ %ﬁ é?ggﬁjl veijur'\éb FCJF&QJd t1o Pé#‘ﬁ‘e@?z?gj“%

164 mayudee with mlulaplerLbyesa.vsrmw n@lttrfgeanlayslatoompérescmmlnple ¢urves, ot meay
plurali t of erinmental nelting curves. The gvera ﬁ&% gnd/ or ratio

cal cul &f eé‘nb V@Blﬁﬂ%oé‘é 9uiss ap aggr@e@ﬁeowgm ®F-dt { 49) @theryfhan
t echni qH&eld{@ ga gﬁtéa\éﬁgﬁﬁ?ol e identification discussed above). For
an ar

exanpl e, a maan stan deviation s of the deviation function E(T)
of the [ﬁemﬂ] rré*heiomgsarrmmbe regipn 4 76ahay bat identifiduosye selecteg atdesckgrbunider

I:Ie\c/)imat Ihcgﬁ aﬁe ﬁ_mt%qgg (%slolﬁl rsttepg: %% o‘?@glﬂlrte 5) Yhe tb\g%kérzc)unatc%r}ggrr d
temperature T, 2174 may be identified as the highest temperature along with

deviation function 2160 (and within the temperature range (7, 7, 1 0r [T, 7. —W1)

that is greater than and/or equal to a deviation threshold 2164. The deviation
threshold may be defined as a ratio of a maximum value maxg 2162 (or a spread
between the maximum value maxg 2162 and a baseline deviation 2165) and a
constant (e.g., €). See Equations 22 and 23 above. As illustrated in Figure 21C, the
cursor probe region 2175 may be defined as comprising temperatures that are
greater than and/or equal to the background cursor temperature T.2174.

[00218] As discussed above, the value of the deviation threshold 2164 may be pre-
determined (a constant) and/or using a maximum value maxg 2162 of a deviation

function E(T). Alternatively, or in addition, the threshold 2164 may be calculated by
averaging the deviation functions E(7) of a plurality of experimental melting curves.

The averaging and/or ratio calculation may comprise outlier rejection and/or other
statistical techniques (e.g., negative sample identification discussed above). For
example, a mean u and standard deviation ¢ of the deviation function E(T) of the set
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fromthe analysis. The remaining nelting curves F(T) may be used to

cal cul ate an "average nmaxi num" which may formthe basis of the threshold 2
164 (e.g.woasi0M32813/ 3, or sone other ratio). [00219] TheChaskeuos4ydI
tenperature regions (cursor probe regions) identified in nmethods 1800

d/ 000, and/ ' Fi 21A-21 C b d t t t
backor GUrASLAR: GEVPS MY Geeeacaplclr Jnoss; Airles Mol Gitat et ahe a1y 2200

for autpart s 8XRRDENEE andimE K8ILRURb $taABhicBeiatitls 85\hay iknc@eal ysi s.
[ 00220] At steps 2210-2230 thei(rregghod 322))80 may beei niltialg)?ze%)? acc(::ess

mel t i ndrararthe agatysjs. ahle gemaining meltity cavies nF {incdyobe BEEY to Iealcetate@nas
descri bed above. [00221] At step 2240, background tenperature regi ons
wi t hi n BMeragel Maxgwr Wehightraayd9mb éne pastsi ¢fi g thisrhald &4§F @, Benfp@r at ur e

regi onsy /g8y, 4smk & ir%'iéf usi ng nmet hod 1800 of Figure 18 (by comparing the
devi ation’ function K § ‘0 one or nore threshold values). Alternatively, or
I n addi[00219] t Mbe dzaddkgrauntd tereperansengidis (aesdri priobe @eoomTy] i idgntifeediet hod

2000 0., | ' ) f th | at| f ti T
{00225 iogk 08,858 2500 FBRIAH g i 20 A3 1y o8 Reed I sy
obj ect iy Baékftlihd@Rofretian BRideRs, t6uRLSY IAkifloW diaBfarh 012 fefhdpo6@ ket i on

to an optimzation problem such as, in the case o0f nmethod 2200, the
| ocat i Automating exporential baskgronsdssibtraciiomugiog deviatioxpnadysis.al backgr ound

erboci HORR201 AL 281 G230 BB bRoE el dud) B el k3656 BEH0 ¢t he
f ol | owiqubv 6518, ote-RAR33Y dfliFtioT Rildib) 2 15heArdhaa ks chbeapaié on 24,

TL and TR represent the normalization cursor |ocations (tenperatures that
br acket[00221])re At istep 224100 ibackgriohiadcienyeratire mggioms withipethat oredtirgx carveThe

obj ecti function of Equation 24 may be supject to certain conditions. For
exanpl €108 FiAC o8 BB d o e KGR oY IR s FewaRs Gy B MeroRed oMt TR
may be geMoldneshd f Figgré egnByY *bHpRrHe%he MevidtBALALRSh (75 t®Bné 4 tnode00225]
The objective functidon F may” be configured to mnimze the error between

t he exphrrdsheid abluss).t i AgemativelyF(OF) inaaddidon) deslbatkyiound mgiores niaglee 23A
depi cts an_exa an "ideal" nelting curve and a portion of a

nor mal iig%ﬁif@@pg&c{;@ﬁ{gd%@?@thﬁﬁ 2Q00, ée-9F(using nscalegumaxiningyalee fathenot h
curves o%?ﬂat%nafﬂﬂcg&?ﬁ%ﬁ)?”pr i se
[00222] At step 2250, an objective function (®) may be accessed. The objective
function ® may define the desirability of a particular solution to an optimization
problem, such as, in the case of method 2200, the location of the cursor locations
used to model the exponential background fluorescence B(T) in an experimental

melting curve F(T). In some embodiments, the objective function @ accessed at

step 2250 may be of the following form:

[00223] _ . T, T, | F(T) Eq. 24
I, T eR

[00224] In Equation 24, T, and Tg represent the normalization cursor locations

(temperatures that bracket the melting region of the curve) along the temperature

axis. The objective function of Equation 24 may be subject to certain conditions. For

example, the search space for the normalization cursor locations 7, and Tgr may be

confined to the temperature regions identified at step 2240.

[00225] The objective function ® may be configured to minimize the error between

the experimental melting curve F(T) and an ideal melting curve. Figure 23A depicts

an example of an “ideal” melting curve and a portion of a normalized experimental
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a | ow background regi on 2326, a hi gh background regi on 2328, and a nelting
region 2325. In the ideal nelting curve 231 0, the nelting region 2325 is

nodel ed awo20symB3e818, nonot oni cal |y non-increasi ng funct iPom/USTie/ 08496l and

experimental melting curves ~F(T) 231 0 and 231 2 are sinilar in t he

background regi ons_ 2326 _and 2328, but show deviation in the | ting, region
2325. AB%'&'F‘EW@Y%/ F({he Aeshavndn Figiraestf (aadn icyasgs 221’81@3%836Ké30mp”89
experi

men urves 231 2 b dto distin t he background. regi ons
oAb nrobalHind fednd 2Rk, d Pigly Bckdtalhd LG8 236, Bfa APRAGi RS ich
exponerg3zs, gechy |d@é|em@ftm§h@mde;§31o:uhéemaﬁlhgore@rtsh bBesexspabierat &8 acur ve
F(T) 2312 (e.g., as described above in conjunction with nethods 1800 and

2000) . mbemon@éorugallye@omr@a%ﬂ@ forgtiong Ve ideakiang wnqﬁénerégi Beltrero,

Pl T ah 2 s SRR e s it hekibund PEaBRS 228 nd 0988, 1, g
curve %?L&S(Ploﬂpge\tn?ﬁoﬁ'%%'n@~ %ég@%?g‘yvﬁcgg’rﬁrﬁn tﬁ?edé\ﬁéw H\f]a nwher e

the normali zed nelting curve Crosses uor escence f way
poi nt (tbeﬁdealr 2310 2nd thieuexparoeeanta) cuagesb%‘défrmm)ebeasse'ﬂ R) 2182ihgu[shoe7]

Al t hou Fi qur 23A 3B nd ex nel ting curves
a1 o kel egs 226t Sap 2388 Fom e el MaBole SRS on By by o s
not |i f’fhé%ipbﬁeﬁt"‘él%ercﬁ?ﬁ‘éfé ofﬁﬁec‘l@’é%l‘i:d?\?e QBH’O%U%@%x@érlﬁ%té}fcuﬁb’é |#(7*)“ t he
art, the teachings of di scl osure could be applied to nore conpl ex

mel ti NPT (¢eg, egmpsc@bemgam;e mwdrﬁiuncﬂ:‘bnmath ethddxg 806G af@2@oopr r espondi ng
background reglons) [ 00 I n_saone enbodi nents, the agbjective function F

accessdf0826k dpe 2@5@%%%1%@n€&$r12ghv%raetvwﬂw eTegioR 238P, whichy isiSh@WRef or e
the T1/ §2§r?té3$pa%%éé %.emprrﬁ Hi %v& 23BN ¢4 "2I2P8h Bk Qgto@t grlgfgf'%f‘c el 12

poi nt . 0 zero (0) itiron, the objective unctlo
conf i gyimdegratec anvee terrqoeeal}mee i ﬁ)ebeta/l/eereltm ngdesalumadting Turte 2330f anch the a

| | f | g
?33?2(3”' alited dhpERS SIS T ol é%”nﬁ%ﬁ%z&ﬁ%ﬁ@ﬁ.nw%ne%%ebra“ﬁ'rf\tgbﬁi' o
t t
searcheﬁt or ten%ée 5341@ ¢88sés @ Tﬁ?& n&ymtb CHNhbEHARR L ©

rature cursor Catl ons O errpe ature regl ons

i denti fﬂ@jﬂe@t%ncb;iﬁ@rwadﬂnecﬂﬁgm@gggnl ve functl on F may be re-witten to
include constraints to within | ow and hi gh background regions:[00230] T 1

F(TL, TFEOpzzﬂ)Aithqugfé Figees 28A] 80¢343B Adenicts idedd canchigaperimental ofied g ve

functi %Ne@%@%na%fh%rﬁ& §|Hg a single melting region 2325, this disclosure is not
limited in this regard. As could be appreciated by one of skill in the art, the teachings
of this disclosure could be applied to more complex melting curves comprising any
number of melting regions (and corresponding background regions).
[00228] In some embodiments, the objective function ® accessed at step 2250
may be configured to minimize error occurring before the T, point 2324 to one (1),
and the error occurring after the Ty point 2324 to zero (0). In addition, the objective
function @ may be configured to cause the experimental melting curve F(T) to
conform to a monotonically decreasing exponential function within the melt transition
region (e.g., region 2325 of Figure 23).
[00229] Referring back to Figure 22, the objective function @ accessed at step
2250 may be configured to search for temperature cursor locations only within

temperature regions identified as “oackground.” The objective function @ may be
re-written to include constraints to within fow and high background regions:
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m nimze error occurring before the nelting transition {e.g., before the
Ty2 point 2324 of Figure 23) to one ( 1) , and to mnimze error occurring
after thewoebto/13gsiBransition to zero (0). The objecti vePCunsLé10034969
Equation 26 below is so configured: [00232] F(TL, TR IF(T)) = Egq. 26 [00233]
As used in Equation 26, the opera{or La(T)JO, (e.g., as applied to ~F (T) )

hasth wi ngUBharaet stT [l ando(rya(T) [1a(T) ]I= r)o
oS S opasbEY T Chagglgr g Dt ac) LD T1-dpg ()
met hod 2200 rray use the obj ecti ve functron F to identify optinal

nor mal '[GQEBﬂ:eﬁHrGQEué’é”édJ oveh?hé g&cgéét VeC RN ABNOTDSHER %%6906@%”88”{%” S€

eval uati obj ective nction various tenperature values wth
the Ti dwnémtteTerrcg‘mctoelnmw heimre: thesgietting trémsisame. gnibedoneehe sl thointrz3fidons

b t det d m f val . 30.d t
o oo A )0tk ) AL o e O e altat et FnGtanstion g -
m ni m zgyed @hoﬂhééb}e\éﬁvé Hﬁﬁlbﬁ'@)f'ﬁd@fbﬁ?@%'lé 's@@oﬂﬁ eyt mal cur sor

| ocati ons. e identification of step 2260 may i ncl ude any optim zation

t echni que known in the art, %3 cI udi é% ni ma det ection, ste est
descentl00332ki dNf;.desE€RD = é (T)helrli k*eff At step 2270,Eq.

experinmental nelting curve E(T) may be Tprocessed to renpve its background

fluore T) co o Seg. Equat i on d above. r enoval
of steﬁ@%l néﬁ ¢ 4031 2 11 QPBERRE G4t ok edBdheés RIS he
opti mal n*b:/)gh ﬁg‘eﬁﬁa ues TL an d. TR.. The rmdel may be subtracted fromthe
mel ti n Oé’dF & O ﬁ@arla(? eéﬁﬂﬁ?r on 6 discussed above. [00237] At step
2280, the "true" neltimn cug g? a MT) may be nade avail abl e, which as

di scussed abovea(r?\] ({ﬁgT « v ding for displaying the correct ed

dat a, st ri ng the datali (&) €Onpk er - r eadabl e st orage nedi a, Zégsm tting

t he datl2028*hnot her O?FSSﬁE gﬁ or system or the like. [00 ] Fi gure 24
i s anot her errb@gj { i 2400 for automati ng background

fl uorescence corrpensatr or{7) ¥he>Met hod 2400 may i ncl ude feedback

[00235] At step 2260, the method 2200 may use the objective function @ to
identify optimal normalization cursor values. The identification of step 2260 may
comprise evaluating the objective function @ at various temperature values within
the T,w and Thgn temperature regions. In some embodiments, the regions may be
quantized into a pre-determined number of values (e.g., 30 discrete temperature
values within each region). The temperatures T, and Tr that minimize the objective
function @ may be identified as optimal cursor locations. The identification of step
2260 may include any optimization technique known in the art, including local
minima detection, steepest descent, gradient descent, and the like.

[00236] At step 2270, the experimental melting curve F(T) may be processed to

remove its background fluorescence B(T) component. See Equations 1-6

discussed above. The removal of step 2270 may comprise modeling the
background fluorescence using the optimal temperature values T, and Tg. The
model may be subtracted from the melting curve data according to Equation 6
discussed above.

[00237] At step 2280, the “true” melting curve data A (T) may be made available,

which as discussed above may comprise providing for displaying the corrected data,
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and eval uation steps to allow for inprovenent to background subtraction
results. [00239] The steps 241 0-2470 may be inplenmented simlarly to steps
2210- 2270wo0estvi3bsad above i n conjunction with method 2200T/(SO@RAB{96AL St ep
2472, the processed and/or nornalized nelting curve data M T) may be used

f f th d th
omot vt e aerin § inpiesos S Biaoe Madter raRs g tas “Glaufy o g

pr ocessangihert frecbsdR-andiH2dklehsr thigalket y of the results of the analysis
performed at step 2472 mmy ‘be quantifiable. For exanple, if the analysis of

step 2400238hpFigsee %clﬁueneﬁhengembogmwm n‘@ ameetémoldoa400hﬁ>rsep@nmtlr@n

oper at ORI EEEE YR Paiidio dhd et oMby it etk e

qual i thmwaleamvstegstt@@domouqmap&bvémhh&) @a@dgréwndnéutﬁtt’@ti@a%gulwnd
renoval_ of ste uantify the quality of the "optimal" cursors

TL and [98239] [ 809@%@&39@?{02@% @dTPIATBENIGHES g 0 GERR 22JPrAZT0he
qua"tyde%fgse{faﬂab&r } BERM wil oahpg 2y 2Ll on: [00244] s shoun i

Equat i on IS a nction of tenperature. Equation 28
quant i f[00240]1eAmsaép Ry72f thewsrock sisdce aad/r mopmatized nielted icarveoflataher (1)
separati on between groups and cohesion within groups (the groups are
i dent i fmayl benuseglitar ifothersaralysjs oeg. dney(oeldi);plauddwimirq 2n) HMt e uqadlimtay of a

el | aoeihine o RS na ratke ATt uRiad proctRsnb R T rhekhi & 4™

resul t sh&niRer hi gh deviation within the groups one ( 1) and tvvo (2) and/or
smal | aration between the group neans. Alternatively, a "good" quality

metric [882%1” f bejqualiheogisursulipoftthgranalysis estferread (&th?éewla désmay ber (T)

and s2 S 1 I e

di ffere(ﬁf:al}lli)%l\(/a\eee%m%ﬁ{b% 1”51@98 l%g%ﬁb?@? %?rﬁﬁoug taoﬁggttee)?@ e of

qual i t)grt‘mpihbcopérad()ﬁCth§Sdpbﬂi‘tl@hnbetﬂ%nsklubfefsllgrdiupishma%/f beV\@\kdIdatEGCt@gnl ze
metric de endent u on any set of factors related to the

that any quality, N
anal ysi %’fm@?e% Qi of 3 QPﬁ@t@@ed fﬂﬁf&@ret %St?Qgc‘WiOn@quﬁ“tX Aedric may
di sclo 461 2 t I t lysatl ep
480 m%fg:g&é@éalﬁuat g’(‘]ih‘e HusRty2fddnic trisy Bl ided T iduantifpie!| ity B e
background removal of step 2460 (e.g., quantify the quality of the “optimal” cursors
TL and TR)
[00242] Equation 28 illustrates one way of quantifying the quality of a clustering

and/or grouping operation:

[00243] ()= D)~ (T) Eq. 28

Vo (1) +0;(T)

[00244] As shown in Equation 28, the quality metric y is a function of temperature.

Equation 28 quantifies the quality of two clusters/groups as a function of the
separation between groups and cohesion within groups (the groups are identified in
Equation 28 as group one (1) and two (2)). The quality of a group/cluster is
determined by the separation of the group mean values as well as a sum of the
individual group variances. A low quality metric ¥ results from high deviation within
the groups one (1) and two (2) and/or small separation between the group means.
Alternatively, a “good” quality metric ¥ results if the groups are tightly clustered (the

values of ¢ (T) and &) (T) are small) and/or the groups are widely separated (the

difference between p, (T')—pu,(T) is large).
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The eval uati on may determ ne whether to performfurther refinenment on the
nmelting curve data (e.g., by nodifying the background renoval cursor

| ocat i onswat208¥eps12484) . Therefore, step 2482 nay conpr iPS&/USoNpAB4ioy t he
quality netric to one or nore thresholds. Alternatively, or in addition,

t he det t f st 248 [ t it
ot r o 0B245E Afflofon B emia gtz SPAMY rBe e e eed tates pop kst of
steps 246Re %f‘t&ﬁoulbfrew@n|E@ftrﬁétcerﬁh@¥§|t)fﬁ{é‘ihéwéﬁedd§hﬁ QBB det o factbi

foll owi ng an i nprovenent gradient determ ned that continued

r ef i nerrelatedrd9 the a@@ysslabd)festapha#é&)s cotldt be lﬁﬂﬂi undermghe iteaching of dhisi ng
(e.q. cLorI a re-det erm ned nunber of iterations), continued refinenent may
be unl i %%/’Slf "cause i nprovenent. Additionally, the determ nation nmay

i ncl Ud€[06246}JaN @&@24%ltﬁb,l@ulahtf;/frﬁbtrmbé}@tmate@jrat0§te|9t2|480 rﬁé?@@%&ﬁaﬂlﬂaté@ mt.
If it is determned that further refinenent of the cursor locations is to

be perfme@maluev@ maydeigymisnwhather 4o periepmiygher rfinemendeon theemeltv my

contln p 24 4 o C
ocat | GRleGERerdy by, bkl fe HoERoiotia: el biRel *iARs ey 38
appl i caa4gar). spresrefars, étepg24821afaynecdnbysé rccerrmhgsthe qmmty)mmdcam 0$1tae<§r
2472). Alternatively, or in additjon, the refinenent my

per f or MAY m{@smld%r@tegn@w%r% Hbad@ﬁemoW%gﬁﬁer@maé@ﬁa%ﬁ %te§r34§?s may
cursor ogﬁﬁ"rﬁ | t
step 2468 éeoggringbﬂn e regl ne etrﬁc%%t Eﬁ]al&%gﬁrﬁé g‘r%teﬁﬁé&%?h%g%@ he
r ef i nenpates nrewobe Mrehoms | afc atdpsn 2460-2480. TR rrmp Ipeetnradehows acmwisianic e
with a. e det erm ned ern and/ or r| S r ando onpon .. The
et | ne RO SIS S aish B i A1 Harau Bt T b eah, f e ey e SR Bee e
functi eipnkinuéd ﬁgflrﬁé‘rﬁeﬁﬁfﬁa@% elesrable! Q%?éé%‘ﬁ théfquﬁéllfyﬁﬁf&ﬁc Y@Hbéréa@ﬁrig' tin
a poor result fromthe objective function , the change may be di scarded

in favde.of fahét pes-deteimieed hwntg&rebﬂsteaatwwﬂ,eponmot refireraent efaynibeg t he

cursor i t he backaround r val , .an u tl‘l

Cul ool HTREY Ihccaldy BRFSHEERE, LR Rna SR abe R B lssey ar
step 2%Juétihg ARFANIPUR REStibh cornedradr dth@ﬁ@ﬁﬁfé@siﬁ@ Itrhllﬂglfcltlisléet@ﬁ’fnmemﬁy be
made avail abl e. As di scussed above, making data avail abl e may

conpr i dBat §ythsfi 'lﬁj'n?ﬁ@r@élfatf@ncéﬁoﬂl\wcatﬁr& isnép e PEEPENEE H‘e flow may
oS SRR S SRR T ORISR e Do e ot rer orocees
of | ow [002PEY aAUr@emd@mghé,rmmahzanm @urédraloehtiomnsnay de eefivede The
terrperae%’lnemre(rj}tn%epfiede a?f teeg 264%1I may be application specific (e.g., defined by the
analysis performed at step 2472). Alternatively, or in addition, the refinement may
comprise performing one or more predetermined and/or user selectable shifts in
cursor locations. In some embodiments, the quality metric calculated at step 2480
may determine the refinement. Alternatively, or in addition, the refinements to the
cursor locations T, and Tg may be made in accordance with a pre-determined
pattern and/or may comprise a random component. The refinement of step 2484
may further comprise evaluating the objective function @ using the refined cursor
locations. If a change would result in a poor result from the objective function @,
the change may be discarded in favor of another change that yields a better result.
After refining the cursor locations, the background removal, analysis, quality metric
calculation, and evaluation of steps 2460-2482 may be performed.

[00248] At step 2490, the analysis results and/or processed melting curve data

may be made available. As discussed above, making data available may comprise
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automatically cluster correctly than other kinds of plots. For exanple, the
human single base variant rs# 7291 72, an A>C transversion, was anplified
and genotwpediomspslg snapback priners. Snapback prinmers a&ce/ush@ossdypect of
PCT Publication No. WO2008/1 09823, which is incorporated by reference in

t t I f t [ back
ovai L aslePrYingt B pelotn o o8t R Rl B RosT PPN eI HPtageng DA
Dye andynMgiuk, ﬂ&rﬁﬁﬂitmg'tﬁe déﬂe(ﬂo%otﬁbr aroc%g%dﬂ&%%{e@n (§Raheltmge. 2008) .

[00250] I'n one exanpl & different genotypes clustéred correctly after
devi at i[00249kI tsihes baennéaunsf tteat elqyiatont |M®t8b@ék@mdamp§u@hur@cmeﬁmg The

foll ow,.n riners re.used to ampl.y a, 162 b roduct from.hunan en
o oSO B RS RE ot AT e S s AR B PN, ArpOGbaH] Bls
qqTCT G%K&ﬁﬁ@ﬁéé%ﬁ%@r%?%@@ﬁ%@ﬁ A%s(&eglots! DFde. ex?a)rn;ﬁl@OHﬁa?hum

underlined bases in sequences 6 and 7 above are honol ogous to the human DNA
t ar get ,Sitgle haseerarieas estH4283 72 han AnCe trapsversipss Waseamebiied phdaenoheesk obe

el ement, 9o LHESARORAGE " SIBbRall BrARLE et LRk blBCROBLbIGRANG NS

single vari ower “case es’ ar base over hang

m smat ONGR008/ 10882Barwieith EhincBidrarsl pyr feferardel n 18 ehtlrreqactAddltlmniaUrres
in an LC480 real -tine instrunment (avai] able from Roche Applied Science) in

t he prd8@RESLGR GIBrHA ISNAPORRY REIMSRS: IS BvaRbigia Haitihdk §r@inmeP RO

cl 2, 2 h dNTP
and 5 il iRl B SRR TNEDG o R DS eer Y o
Peptlddﬁf)emeMéﬁéﬁc(Oomt)enzao&)e was heated to 95C for 2 min and then cycled
f 50 t 95C at 4.4C t h 1 hol d, 58 2. t h
10" ndPHESER Y Beapramits. scfpint cosfio U s RS R o ATt o |
mel ting Zg@cmt Rbt Eﬁ’éﬁ éﬂ@oﬁ&t%ﬁS@aékgt‘ﬂ)uﬁ@/%bﬂa‘dﬂoﬁ 1@hé fBN&\ﬁngC&ﬂhé&g to

42C at 2. s wth a d, heating to 98C at 1 Cs wt
fl uor e%@r@weﬁiﬂuampwrﬁng bm@r@@wuf@im |hUﬁE:‘lanefﬁ<ImIZEDINAThe t enper at ure

by nenB0erth ¢ G OENE HD {2 ays. Fiqure 28

depi ct Jod252pt gQMCFFGEAGAb@GAAEFd;W@G@IﬂA@?GCEA@C@W@'IHIS@A (Seq. ID
hi er ar chal net hods descri bed in PCT Publication No. WD2007/ 035806, which was

i ncor pd¥@t®@d by reference above.
[00253] The underlined bases in sequences 6 and 7 above are homologous to the

human DNA target, the upper case bases that are not underlined constitute the
probe element of the snapback primer, the bold base is at the position of the single
base variant, and the lower case bases are a two (2) -base overhang mismatched to
the target. The PCR was performed in 10 ul reaction volumes in an LC480 real-time
instrument (available from Roche Applied Science) in the presence of 0.5 pM limiting
primer, 0.05 pyM snapback primer, 3 mM MgCl,, 50 mM Tris, pH 8.3, 500 ug/ml BSA,
1X LCGreen Plus, 200 uM each dNTP and 5 ng/ul human genomic DNA with 0.04
U/ul KlenTaq 1 polymerase (AB Peptides). The reaction mixture was heated to 95°C
for 2 min and then cycled for 50 cycles between 95°C at 4.4°C/s with a 10s hold,
58°C at 2.2°C/s with a 10 s hold, and 76°C at 4.4°C/s with a 15 s hold. This was
followed by a melting protocol of heating to 95°C at 4.4°C/s with a 10 s hold, cooling
to 42°C at 2.2°C/s with a 1 s hold, and heating to 98°C at 0.1 °C/s with fluorescence
monitoring at 10 acquisitions/°C.

[00254] The temperature interval of the snapback probe melting transition was
identified manually by inspection of the melting curves and processed two (2) ways.
Figure 25 depicts deviation plots clustered automatically by unbiased hierarchal
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[ 00255] Al t hough not used in this exanple, the clustering results depicted
in Figure 25 could be used to refine the background subtraction and/ or

t enrper at LWe 208gi3e813i denti fi cati on using quality assessneat/useaofe®dback
techni ques. One exanple of a nethod for refining nelting curve anal ysis

Creps JHSGOSRE RSN RRguIa J05 T o dBIIRaRO g | SHOAO7KBiballe, mynih s =

qual i t yine&pbtfte@byFatrENEN aBSv&OUl d be adapted to quantify the cohesion
wi thin and separafion between the groups depicted in Figure 25. The quality

met ri c [00825%] bAltheygs setiused ihethis exarapleh thehelusteringtreaplts depicted iadiigwe (used
for ba round, subtr.actiaon apd/ pr tenperature r.egion,identification) should
b of 4 0R0HR"E dRFEE tPer e BhakERd S RCl R B o BN fPE Rllors oy

[ 00256]idé’ﬂiltﬁidatiuﬁ tu%irigﬁguémy BnesédsmseaiBicesibhbe té&Hrﬁ@ﬁéia?t OaersXayfsié of a

reveal i ng the expected honozygotes and heterozygotes with Tns at about 66

and 74aneted foregfining Metinghcunve gty sl UpiBgesushyigeriades & dessrireshabome of
68C. | I : : e
backgr Qhdn L Fbn win F8Gr 287 <K R 24705RE°GLE R0 oY o SRCRISH

cl ust er2gFby erx@pld, Yhé lnaakgmetnet dfdegudtiainl 28 touldi sd bdgpitesitoteantiypthet ed
het erozygotes (Fjgure 26). The | ow tenperature hompzygote_and the

het ero @%W{'}Etﬂe?”go@%q%@'?” [DeRuPerRy 108 GTREBS r(ich'CteariBt BBHR) 2oThiTds s
presu - | j hisReh s t ItdHa a
enot ynb POIEEN (U] seldr] TR RhRECHALER Ohe RANRIEHEE Maid"
sanpl eqused faresackigbeuhdbabteadtioncamg/ontenmperatire regehhodeistificd@on psitbulld @) . | n

addi tion, deyiatjpn analysis, my be_used to automatjcally determ ne a probe
2nal ysiteninediofelbPe el ls (@ dvaensby bR b NonekiCmpl e, met hods 1800

and ZOgQO_EHGP”ﬁhé%bé%rih&%@r#écﬂg@da‘ré‘t@srtﬂ@'dﬁﬁél@nt@ér%'t é@'ré%‘@in@ufh‘ée data
usi ng devi ation anal ysis. [00258] I'n one exanple, an F5 Leiden single base

var i antexpgstage hompaygoteg aTR heterozygoiesgwithal ysi &t abouiybananrthal4ed, @nsbes,

Vel 41 ndSERFDArET piEREaiel Peldeptia et Bt J o st BRGrsshg Y
Sol uti agame d4tal@re CprdtesSEEMsoldif’ Bby/ exporentir baBkpbundhsabtrastidme raeky

i ncorporated by reference in its entirety. [00259] Sanples were placed on a

96- wel [digplayed 38 atdritvayye ipiqtvéut@awﬁicguqtérin@bv XREbe theesam g peetnoge fails

interspgr §Ringlish BROBYLBI Pet&TR! GhBs CAGLRY 22652MPHES 16 Femperature
homozygote and the heterozygote cluster together, leading to incorrect genotyping.
This is presumably caused in part by increased dispersion of the curves within a
genotype.
[00257] Deviation analysis can be used to identify negative samples (as described
above in conjunction with methods 1600 and 1700). In addition, deviation analysis
may be used to automatically determine a probe analysis region for clustering and
genotyping. For example, methods 1800 and 2000 automatically identify melting
region(s) within melting curve data using deviation analysis.
[00258] In one example, an F5 Leiden single base variant was genotyped by PCR
and melting analysis using unlabeled probes, after the methods described in Zhou L.
et al., CT. High-resolution DNA Melting Analysis for Simultaneous Mutation Scanning
and Genotyping in Solution, 51(10) Clin. Chem. 1770-77 (October 2005), which is
hereby incorporated by reference in its entirety.
[00259] Samples were placed on a 96-well plate so that positive samples (of all
three genotypes) were interspersed with negative (no template control) samples in a
checkerboard. After PCR and melting analysis, the unprocessed melting curves
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checkerboard. After PCR and nelting analysis, the unprocessed nelting
curvesbet ween 50 and 95C were accessed. Figure 27 depicts plots of the
unpr ocesswo 20/132819 curves so obtained. [00260] As showrCrUsSElQose®6®7, the
curves segregate into two clusters, the top cluster of positive sanples

i ncl udes ,both | a e robe and PCR_prodyct nelti transitions, while
the | otwert g BorE R SoSire oo BH! HaHS P e HEPRestsd

transi thefingduhtysthopaingiexpect ed transition around 75C is present from
uni ntended anplification of an alternative product. Figure 28 shows a set

of sanmd08260Hi Ast shawnidn ddgwe dé. the survespsegradatecinto dwb closlens,giive Gphown

trai.ght.Li t off in, Fi 27). h [ j 28 f
The noduiiteoL BB ShaRids keI flondiPn 20088 g TrRibBabR il °
[ 00261 ]trak¥stichey \iileOthd Ubwet @udterTbf WRyyatiea esahgidsf siowadieitbbr tdx@e®id | ng
curves and used to automatically exclude negative sanples (e.qg.,
no- t enpnaktieg ceansitian, saliieugs) an A@%@@@ﬁﬂb@@“%‘ﬂﬁﬂ/@@%ﬁﬁf@ e tRrepent fram
Fi . . . Al ; q
e e By RERR B0 R RS AToLLEE HRgfe TR bEAYBIE T

exanpl dndichtors eggoted usiagdreampéiidel dut affi teshmigae [sihdwn rrch sicgightliineg clito
met hod 1700 of Figure 17 and, as such, conprised determ ning a mnimummn

E of t il 4bdduite 20l uaS N Y &UPWE 8R MOREt P E(MPPabVR A vty al
[ TM N, - - o ; s described above (subtracting mn E
for al Ia va Jgg@?nww%gté\é%]— ue

, uting a maxi num val ue max E and nean or average
of E M[00261] cdheexidtiog fanctan & (6 wae geasiateaforadach ofdkE raeltingeanves

average, and conparing the ratio to a threshold, which, in the exarrgl e, was
set to dndseised) to [apteBaticaiygexelude Bagalve BeMdes de-grelna-tegRiatey eenel
Fi gure rej : i sanpl. e i Lqure 29,
the 1 onBmRERF oA e BsaToe e RENEReRT viRCEKERes B SHONTY, ReGoflel

| ower aNplendenhtiffdation endy beausedito leaolgde maltingdadves thdtefatietd @bdlivala d”
melting curves. Figure 30 shows a set of sanple jndicators conprising the
negat i \ﬁég@adﬁlb@fe%ardg? SPpbdedsi 'ﬁdhﬁ@mﬁamegﬁ)p%apﬁr@plﬁé@wf@aaoeuéosa@r i bed
above. [RHARERRECeoRIY 1B FdHbe 2ol NGOFIUE S2TBNE, I IEMIch! Cith (el N0
anplitude cut off), Fgure 30 shows that the use of deviatioh analysis
al | oneddtemrmining s unmavsfumindenthd iababiute vafuenefyite deviatioplfesctioshimlr )t he
anplitude cut off nethod failed to identify. The devjation anal %/si s and
anpl i t uer ¢he indetvahblame dovaat- Wb FRMREINgafpl(8) iasedesarioed abavertaybisacting
irrplemanteq(in ealrallefl {e.r%.,. :

ming Tor all values of T), computing a maximum value maxe and mean or average of

E, (T), calculating a ratio of the maximum value maxes and mean or average, and

comparing the ratio to a threshold, which, in the example, was set to five (5).

[00262] Figure 29 shows the set of melting curves of Figure 27, wherein the
negative samples are removed. As shown in Figure 29, the lower set of melting
curves (the negative samples prominent in the lower portion of Figure 27) are no
longer included in the set of “valid” melting curves. Figure 30 shows a set of sample
indicators comprising the negative samples detected using the deviation analysis
technique described above. By comparison with Figure 28 (negative sample
identification using amplitude cut off), Figure 30 shows that the use of deviation
analysis allowed for the successful identification of negative samples, which the
amplitude cut off method failed to identify. The deviation analysis and amplitude cut
off methods of negative sample identification may be implemented in parallel (e.g.,

simultaneously), since they are independent analyses.
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si mul t aneousl y), since they are independent anal yses.[00263] After

automati c exclusion of negative data, the deviation function was further
used to iwennion28iBe PCR product (anplicon) nelting regiPom/USRi®/0pt96he
melting region, and the entire region incorporating all nelting regions. In

A R A R R
t enper gL4AEr Bsed tobﬁ@ﬁhﬁytthbfm:w@euéfqbwﬁgomeﬂﬂeﬁmg rEgfons te probd metid e_t he

hi gher tenperature pair bracket the anplicon neltingregion, TAc < T'< TA
H In dagloaxamdltéecﬁntme:tregnamlncqrparqtmgsalbfnetltmg ngKDnSreIlm ihfg;ex@rglplm anelr

si mul t anequs tatjion scanni ng..and .gqepot ypi th air_anmong t hese
Tour t o BpSeTHECEbEVE i ALALIEN SBRRRF AR obF B! R pERlisR F%.
t enper ggentERdIER berpqpap%ed TA Q026 |owetrh@hr@léréthee PR breeRet 8@ Probes
identified by TAc <. T < TA'H, the analysis was started well outside of

these IMHting” (egiory drbuf fer< Bom WA tedbigher tAMREsatuTe paic bragkelf thee, t he
B < T.<
207 DocsBREYNing SERMLT AL SOf T Mg alnie® BxSlfel ofFBoRIR ARy fedtr©

i nst r urfelhtmeltiag asgionifot sml(amoas multatlan deashing) armhdehbigpmgnitinel exfreaieur e
size to be extract ed fromthe data, pi cal I% about 1C. Furthernore, sone

anal ysiRameiiis Q%ﬁfcﬁo%steéﬁﬁ%fﬁ&fﬁﬁal’ ebaz:—kgr Und dabt €86t P%n‘)sqdeqiﬂ 9 a
E\e/vnprer;flgcggﬁdang&ﬁﬁégat%ﬁ%%@o@ g(grghggocal culation, so an additional w dth

ncl uded out si uffer zone to define these intervals.
See st 00264 Afthfugiutiee 20plicO026gionl is |denmf|mieb$tTQQd< ThatTgadihe ahatysis f our

B d Wyval di ff t [ ti

AN b s L B tsldREo B i st & el G Bro sllera P diBzgs Ve
[00267]Tf’@réﬂre'tﬁ@%gfo‘ﬁ fog ahﬁ@s%r%ddhﬁ’éb WFK% Qeund ﬁ;l!v?* B'E|$éé‘§terpeﬂ)5@f‘§f a
tenperature range conprising the probe nelting region is determ ned As

di scusddgurghbdle, the tenperature region conprises [TMN, TAc - (B +

bel 0w {135088P LG8 SBIAe P SAuE0%H, B! dERaRa Y “1%4%‘@8?0

[TMN ch%cttenstuc(ngd@d daaldiﬁ%ﬁtz/)‘ aAd, th@ﬂﬁlrﬁmﬁhﬂféatglf@a EB(16) bé exgabRid uct ed
over the interval TAC - , (EM2(T) = \E(T)\- m nP) See

step 20 dhe dajar yomally AbewkiliGm anth@rrrm@rﬁ@ome Emlysnp MethesiselshcR@s. See
Step 2084 AbnfaIBE &gfSlind subtraction) require a temperature interval on each side for

calculation, so an additional width (W) may be included outside of each buffer zone
to define these intervals. See step 2050 of Figure 20.

[00266] It is understood that each of the four B and W values may be the same or
different. When multiple melting curves are analyzed at once, the average or
outermost intervals may be used.

[00267] After identifying the amplicon background and melting regions, a
temperature range comprising the probe melting region is determined. As discussed
above, the temperature region comprises [Tuinv , TaL — (B + W)] below the amplicon
region. See step 2060 of Figure 20. Within this temperature region, the minimum
value ming; of |E(T)| over the interval [Tuv , Tar — (B+ W)] is identified, and a
function Ewp(T) is constructed over the interval [Tun , Tar — (B + W)], (Em(T) =
|E(T)|- minp). See step 2062 of Figure 20. A maximum value maxgz of Epo(T) is
determined. See Step 2064 of Figure 20.

[00268] The probe temperature region identified above was evaluated to determine
whether a probe melting region exists (e.g., using negative sample identification as
disclosed in methods 1600 and 1700 of Figures 16 and 17). In this example, if a
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[ 00268] The probe tenperature region identified above was eval uated to
determ ne whether a probe nelting region exists {e.g., using negative
sanpl e i dwotnfo/sagiBon as di scl osed in nethods 1600 and PTZOMISed10/B4969 es 16
and 17). In this exanple, if aratio of the probe to anplicon peaks on t he
lots.is less th eL) ,

b
it SP?Cff'@vlérq?ﬁﬁéigrpﬁgttgﬁmplécqnsp%ksaeﬁ3&9?@35@@%@%@@?%PﬁoFfar'%ﬂ)%s Sihan i
the dalgboukioDs (Infigst cotnshad!)val dege@kitied B heh2 isond tuhSmaheasN,

dependi ng on the resolution of the instrunent used to acquire the nel’ting
curve diatactap@o@edE Mk ipthsbdatioentpisr amderetomll thet valups odiner then1).02veosld

e et S0 Rl AR Sk s RSB SRR e SRl
threshdyvd aag.E/el) , TP is the snmall est T in[ TMN, TA L - (B+ W] for

whi ch EMZé]I > max E2/e. TP His the_largest T in [TMN TA ,L - (B +
W] forl0QR6Sh EReProbe temperaipee V@é@sé?epazdfﬁwdfwwegldeetlfz@ agpRIFEONe,

tsid
o 1 ereleh: T100 BEPiayrby By Riefedihe, ehlbing, R shogteuel (et 3t e ef
hol ds. doPR&TeId: Tihendxgh bgceéc&) th@rwbwedthk'es{Hb)d l(mmg/eé)l I p\g theusradllést “Empand
theproberelonTP < T< TP H PH-Bor TP - (BEW < T <

TP + (B my. for —dPoh&V)afenWhick, EA@( Hﬂ a?axﬁdet rTé’HdﬁﬁPq EseeHnainidi: Taee st ep
2080 of FLOWP 1GOWNIBOETHN R haf fo. T S00 W HoTbest Fitndla6™S PidBfore,

anal ysi's af automat i C nplate cont excl usi on, automatic
i dent i foutsitleohp o tThe Gl iheonalaadofpfmé')regwem,@/e nmdmthnszat then sofalleste

b dev d t hat sanmpl 1)t
(o) on SRBRAT Bh e e ol BIKIS v GEBR et BEIBs T or automt i ¢
genot yqoog7opnghe! &Eﬁérn@)t &%d Riighe (()\ﬂ?ﬁﬁte@%l@%ér’ét Qgé@ttédeﬂ%hbaﬂieoﬁrdﬂem (as

a percentage_of cunul ative deviati dp ate map in Figure 32 shows the
cor r ectregignt Brin< df< dend® ype —-aB ¢ hegatHvB of dmtr-o(Bs Hipt €< (reddBi@)dampl es

[ 002729 BPg dRabgs. REnieih e SeREPh ENaRols” et SR SR Ty et i ng
curve qeoa71]TheigiystImdnowsides rasgieoit FAgordbei §8algsis SitemAuIMARY no
conpri se one or nore processors (not shown), nenories (not shown) ,

conput deMpialaaBPRrole GXElUSIOD? aBARAEE IHeNETIERlond &fi tes agyligopeagd, probe

o LS, B TP Bl bed bl OBl

Bus (USBje { 1r)tterzfm€(9) ontittegratad devietioni flots, Alustenirayg theetyrvesrfor Automatic
genotyping, and plotting the probe data as an integrated deviation plot (as a
percentage of cumulative deviation). The plate map in Figure 32 shows the correct
pattern of genotype and negative control samples (negative samples identified using
the deviation analysis techniques described above).
[00272] Figure 33 is a block diagram of a system 3300 for analyzing melting curve
data. The system includes a computing device 3310, which may comprise one or
more processors (not shown), memories (not shown), computer-readable media
3312, one or more HMI devices 3314 (e.g., input-output devices, displays, printers,
and the like), one or more communications interfaces 3316 (e.g., network interfaces,
Universal Serial Bus (USB) interfaces, etc.), and the like. Alternatively, or in
addition, the system 3300 may comprise a plurality of computing devices 3310 in a
local and/or distributed cluster (not shown).
[00273] The computing device 3310 may be communicatively coupled to a melting
curve data source 3320, which may comprise a melting curve-generating instrument

(e.g., a LightCycler® device available from Roche Diagnostics, GmbH, a HR-1™
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addition, the system 3300 may conprise a plurality of conputing devices 331
O in a local and/or distributed cluster (not shown). [00273] The conputi ng
devi ce 33X0Qoman281@ conmuni catively coupled to a nelti n@CTOrSe@0Mat9a9 sour ce
3320, which may conprise a nelting curve-generating instrunent (e.g., a

Li ght I devi . i | abl e f ' ' . H, HR- 1
S N R R T S
addi t i apuréd1399! Ha§ostiherisd 20 compuEaIBElaR AR kbR FRIARIMgTRONR

conprising nelting Curve data. [00274] The conputing devi Ce 331 may be
configutadd. t o | oad conput er-readabl e program code fromthe

. di a. . d i
o obes SBP2LEECTE PE W Ring: drtes 3715 bl B 2Pufi0 R0 B p AR B Sersrgnbia i ng
one or pfr@g@n@fcddféefrémstmOmtém*ebadﬁledhfe@ha)%q2herraérpr69rém,co'a@th@@s 300,
1600, 1700, 2000, 2200, 2400, and so on) or variants thereof. The
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acqui st REEPEMESR e afReibes JRAMEF nEftin OURheAoRs 0071800, gara

sour ce B3R),2000Mm2260| 2400pdnd es0333% oc vafiagisr erésf. aThedissteuctiodsImaj be
background fl uorescence, an analuﬁi s nmodul e 3336 configured to rperform

devi at i SAPRMIES Y3 ONeh OReMPre liiiiic) esilyrate (@ogulesyeRe gt SRR TeEM8RIE
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f ur t hertopaamess sheljingf curie detatfrorg @ wave soatee G820Ogat medding atodiie B83dysi s
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cl ust erdgpgigurdtd td HRriorivedevidfiéh ardldid On FRIGHE cﬁﬁ%gdﬁﬁﬁ‘f(é.@gr Ehdratdrovi de

for control of the system 3300 by a human user énot shown) "and/ or by one or
nore exievation funstiessaccordiog tohawe) aliguvrthesl 30 tweFIM)t iangreressty or

i sy <TBEa00 onbRient o A e 1ol PRl B PR R SEa R sl ™

devi at iBcedEcy SHTS tR rBRINGE Cliveg dattd Vigsitgt the @ediatibnt Qnél?§@| dachnigues
anal yzed data as descri bed above. For exanple, the control nodul e 3339 may

pr ovi deldssFibene 2BP¥PI (ol aHNMARY EOREVRIaBaNPl UdeaiifiGRoR esarRanential

SencL YRR AT L AR AAAE RS T ki e "t We A8 e

shown) control module 3339 configured to provide for control of the system 3300 by a
human user (not shown) and/or by one or more external processes (not shown),
such as another computing device or agent (not shown).
[00275] The control module 3339 may allow for directing the system 3300 to
acquire and/or access melting curve data, to perform deviation analysis on the
melting curve data, and/or to display the analyzed data as described above. For
example, the control module 3339 may provide for the display of melting curve data,
clustering results, genotyping results, scanning results, or the like on the HMI 3314.
Therefore, the control module 3339 may comprise a user interface (not shown)
configured to display user interface controls on and/or accept user input from the
HMI 3314. In addition, the control module 3339 may be configured to accept
commands and/or instructions via one or more of the communications interfaces
3316 (e.g., from a remote computing device, agent, or the like). The control module
3339 may provide for accepting programming commands from a user and/or external
process to perform automated negative sample identification, melting region
identification, background subtraction, display, clustering, and other processes. The
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configured to display user interface controls on and/or accept user input
fromthe HM 3314. In addition, the control nodule 3339 nay be configured
t o acceptwoanmarigsdand/ or instructions via one or nore @CTUS2010/034969
connunications i nterfaces 3316 (e g., froma remote conputing device,

t t | i T t d 333 i de f ti
S oor arka Cugsiula 233 Gas Hek Bt orTialied e tofy e dEsuls olrdefaon”
aut onmat gk dWr‘éJEFddé%sﬁl@Wﬁ'tﬁe oBRphASLEBLLER: mEBla! 33 BRG0P TahdetihE realiison,

backgr oun tracti on, display, clustering, and other processes.
Thecontarobnerot tiase 36§ ecarymmicationsentecfanes gdned to store the results of
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tr aneri P02 R80 IE, Fodeo iedtherti: dRar TRt ofifs ey o i riedos) o
[00276]adt6n§rﬂ6§sl?”ﬁ6@¢brﬁﬁ@bﬁot)lph@ %hal&%&%ﬁ%gr@yoé&ségnismrtﬁd dematlon
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understlangcwl% of thfgI errbod{ descri gerel [ \1 ’ t hose of skill
in t he 'EIEG0 3Ny RVGGHIL &€ ﬂa’i“e Rg GV %‘a P Ra V§L§e%~‘?9 C8UQR-ai s may be
oni ttect00277]?t frae é’&iv'é%’éscr%ﬂﬁﬁ%}é@'ﬁés rﬁfm%h@ré;fécﬁlcr@é‘tah@ leSQOEhofdegffpne

cases, operations are not shown or described in detail
Fur t herunsiesstandivgdefstoei ersbodinnis d@SCFdPﬁﬂL hefedms quve\cﬂﬁaﬂmeeqﬁ %@II tstheéay be

conbi ned, i sui t abl.e menn nts.. 1t wll, al so be
Fendi 1y s PebosBiee iR oo Finsh " e Se GC 20y BRO it 8 pfloae
descri haéthodscennpehems, vt inatdrites ATEROSE 1Bad S IflsGhkbaseds NByergosdangret as
woul d be apparent to those skilled i'n the art. Thus, any order in the

dr awi nghon %@%ﬁqr@&d[ﬂééﬂ@l@a"pt ionis for illustrative purposes only and is
0% e O 18 Bt B ol e BRGHL ikt GaD 1o
combined in any suitable manner in one or more embodiments. It will also be readily
understood that the order of the steps or actions of the methods described in
connection with the embodiments disclosed may be changed as would be apparent
to those skilled in the art. Thus, any order in the drawings or Detailed Description is
for illustrative purposes only and is not meant to imply a required order, unless
specified to require an order.
[00279] Embodiments may include various steps, which may be embodied in
machine-executable instructions to be executed by a general-purpose or special-
purpose computer (or other electronic device). The machine-executable instructions
may be embodied on a computer-readable storage medium. In some embodiments,
the instructions may be embodied as one or more distinct software modules.
Alternatively, one or more of the steps may be performed by hardware components
that include specific logic for performing the steps, or by a combination of hardware,
software, and/or firmware.
[00280] Embodiments may also be provided as a computer program product
including a computer-readable medium having stored instructions thereon that may
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machi ne- execut abl e instructions to be executed by a general -purpose or
speci al purpose conputer (or other electronic device). The

machi ne- execotoal3ks&3i nst ructi ons may be enbodi ed on a comrpuitseeweaabl e
storage nedium In sone enbodi nents, the instructions may be enbodi ed as

t t ft t I
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firmvare. [00280] Enbodi nents nay al so be provid as a conputer program
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conput er -readabl e st orage nedi um and/or as a distinct nodul e 'on the storage
medi umdigparatiuliestrasiionsnpiore@ ia diffegert losationst ora anemany devige, ushidbns,
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being tie endere
different programs, and/or across several memory devices. Some embodiments

may be practiced in a distributed computing environment where tasks are performed
by a remote processing device linked through a communications network. In a
distributed computing environment, software modules may be located in local and/or
remote memory storage devices. In addition, data being tied or rendered together in
a database record may be resident in the same memory device, or across several
memory devices, and may be linked together in fields of a record in a database
across a network.

[00283] It will be understood by those having skill in the art that many changes
may be made to the details of the above-described embodiments without departing
from the underlying principles of the invention.

[00284] What is claimed is:
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a database record may be resident in the sane nenory device, or across
several nenory devices, and nmay be |inked together in fields of a record in
a dat abaswoaorogsgsia net wor k. [00283] It will be under st @au/usgomioases havi ng

skill in the art that many changes may be nmade to the details of the
above- cribed enbodi nents w thout departing fromthe underlying
princi f the invention. [00284] What is clained is:Clains 1. A nethod

for analyzing nmelting curve data, the method conprising: accessing
experinmental nmelting curve data, the experinmental nelting curve data
conpri si ng d.g\ medhod foreadizing meltss: ¢urse d@m)thearmthod@nmm@m enents as a

function of te erature,.th urements 0 ned nel.ting.a co ound
conpr i sing PTRRSPOsEIHRy el TR ROty OB B aP P et et Mhhet BB %at o
conpr i sRfia acdMEHIING U bl Qlifya & aéle@cFo-@FGékﬂ' (EQF ¢&agiatiog meag%knesﬁts tdxe a
background EO radiation signal; calculating a deviation function, the

devi at iTBACHQI@fi GMBerAtITES iNag meassvementsn absaineenb Y h&edinge [ROMRQUNGe| t i ng

curve. 4k duilidh e (IBASkiR e BARKaROWRE EQCAfbAL] MR Yurds Bata

function erature, oring he devitation tunctio

conput egonneriEdatd baskgroage B ddiatidrosignale i n anal yzing the corrpound. 2 . The
met hod of claiml1, wherein the ex&eri nental nelting curve data are obtained

by appl yi ng %Qeé%'ngfS/mQF]ﬁH?fetH? hagkgruinddRPsan@tlien i ng t he 1 uoresci ng
dye. 3 . Theg| é‘@%fd&éﬂdﬁ‘ f%ncp&’?rt%rbé\}‘é’udﬁoﬂﬁctu% du%ﬁ#ﬁ/ﬂf#‘grd%m idAC

radi ati on si gna rises one o 'he group consistin exponenti al
decay fbﬂweenﬂham*periqmdhlanébingmve data 4nd tffeenmwm‘dhefbadkgraunﬁ, E€urt her

conpri si resen he _.dev i unction to a user on a human-nachi ne
int erfi@agagolswa H@“%Pﬁ%ﬂ“%‘?ra&lrﬁl ., wherein cal culating the

devi ation f Léﬂ&r‘ir@fhé@é‘ﬂé!u&r?ﬁ;nc‘ﬁéﬁ%”é cBpuURe-1R%B8hlcROiRfe MBHIUM Grqidey e
data into a plurality of wi ndows, each w ndow defined wthin a regi on of

the expemnabing thestompeynsir ve data; and
2. The method of claim 1, wherein the experimental melting curve data are

obtained by applying an energy gradient to the compound comprising the fluorescing
dye.

3. The method of claim 1, wherein the model of the background EO radiation
signal comprises one of the group consisting of an exponential decay function and a
guadratic function.

4. The method of claim 1, further comprising presenting the deviation function
to a user on a human-machine interface device.

5. The method of claim 1, wherein calculating the deviation function
comprises:

segmenting the experimental melting curve data into a plurality of windows,
each window defined within a region of the experimental melting curve data; and

calculating a plurality of fit parameters, each fit parameter calculated within a
respective one of the windows, the fit parameters quantifying deviation between the
experimental melting curve data and the model of the background EO radiation
signal within the respective window, wherein the deviation function is formed from
the fit parameters.

6. The method of claim 5, wherein the compound comprises a nucleic acid
sample, and wherein a fit parameter of a selected window is calculated by fitting the
experimental melting curve data to a model of the background EO radiation signal in
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calculating a plurality of fit parameters, each fit parameter cal cul ated
within a respective one of the windows, the fit paraneters quantifying
devi at i orwbebweBesiBhe experinmental nelting curve data amdTiuseownsa®ke of the
background EO radi ation signal within the respective wi ndow, wherein the
deviation function is formed fromthe fit parameters. 6 . The nethod of

claim i N~ tHe&lcp TRE L Se - lei i erein
R O cud Aot edbed s R Ao P S
exper i MeRtahaB ke i MeisdahRith Bf e gslettedfwihBBwbackar ound EO radi ati on
signal rnthe tormof C' ' 2 1n which C and a, are fitting paraneters, T
i s tenperat uf.elhermétbod ofi alaiowd mdeexreinacalcvlating dhevdiviation funeticr fedined

wi ndow. 7 . .The nethod of claimb5., wherein cal.culati.ng.,the_deviation

Funct | dRrRisa Eoagre Sae el dud A e fefiphint Pl e uevi at on
function theg effheMmethod The BN Td Rirthel agdmprising’ HERIMAARGT Whkth@r the
det erm ni ng whet her the experinental nel tlﬁr;ig curve data conprises a valid
mel t t rexperimeasialiregitiog coyve dallacearapiises avalid meligransitinixiegion Dwl ue of the

dovi at i on 1 dnieghd &a0G el s Abahig v B e 3R RETPAAGLI ol i e
dat a caeragesalae\erld & nigdnt vdlu@ostid @eviatien fumcyibenaridie ratio exceeds a
threshold. 9 . The nethod of claim7, further conprising: identifyin
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identifying.a first backgroynd tenperature as a highest tenperature within
the Tirat teRBRITADGE NASGPRSKaEUNA FEIROVAILUIERT 406 Ghl oM, ReEHEsURd Eeeayal

thr eshol ot A izt PrefseiaiurB 888Nt 4O BeGRATBA iifidian! BRFSr at ures or eat er
than and/or equal to the first ckground tenperature; and selecting the

hi gh and | owéated&iirg undackgrouad-conresteds Melting t tleve ursing theobighr egilodow 11.
The netho m 10, wherein the conpound conprises a protein sanple,

i
The e tiSofu H Eravan spiers o

10. The method of claim 9, further comprising:

identifying a first background temperature as a highest temperature within the
first temperature region at which the deviation function exceeds a threshold;

defining a cursor probe region comprising temperatures greater than and/or
equal to the first background temperature; and

selecting the high and low background removal cursors from the cursor probe
region.

11. The method of claim 10, wherein the compound comprises a protein
sample, the method further comprising:

accessing a model of a derivative of an aggregation signal in the experimental
melting curve data; and

using the aggregation signal model to remove the aggregation signal from the
background-corrected melting curve.

12. The method of claim 9, wherein the compound comprises a nucleic acid
sample, the method further comprising:

identifying a high background temperature as a highest temperature within the
first temperature region at which the deviation function exceeds a threshold plus a

first buffer constant;
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accessing a nodel of a derivative of an aggregation signal in the

experinental nelting curve data; and using the aggregation signal nodel to
renove thwoaggyegasi on signal fromthe background- correeCedSaeioB4eg9 curve.
12 . The nethod of claim9, wherein the conpound conprises a nucl ei c acid

sanple, the nethod furth onpri,sin i denti f hi ack

oy at ur ¢ IMENET o law BhgReabE et e 261 It O SRelnce o on at
whi ch tipgt @N;bé]rbtlﬂé rfabjl&%t thWh%C%dée\ﬁatticm st dlddeda 4 'tHré&hé'leIE% a
constant;identifying a | ow ackgr ound tenperature as a | owest tenperature

Wi t hin aawndlbtJéfBrCQWGﬂEt ure region at which the deviation functl on exceeds
a threshold SS. a s ffer const ant.; efl ni t} re |on
Compr a1 ng (NGARED ik ol dhiliing EHirao e ALSebifEL At ine

t enper ajgirae tamé HﬂgMlb%@k@ro@h@-tdﬁip@?éthf@dnd\ﬂhdt/hlg & pfd-aéteemamddonidat;obe regi on
conprising tenperatures |l ess than and/or equal to the | ow background

t enper at ur e GEFAINGL oW PEOBS EeTiRN SomPRENa pHNeratires Bssdean AgdfoReanpLie
backar HE Sol BHRKGouHSRel 41008 BAE pBL AR PERDAEEEIRY Rl | o backor ound

renoval ¢ur sor e reqi claim9,

wherein the slemamtmgothéh&gﬂmbgbkgmohgrretmdaraummafroquﬂmomlghqrrebeeé@oh@wdby
mnim ZI ng an obéectl ve function, the objective function configured to

quant i fie rOHij\Ké@QV?h@J@Qb@PWﬁt"AW RrePe regotur ve data and a nodel
of the backgrpung r%@tﬁcﬁ)dbﬁélbm Qsm%fég Ilréloﬁré?lg r?ﬁ’%ﬂ cl&#@PHﬁ?em@VéI’[ her
0 corrected

conprising: conparing a plurality groun ting curves to
one anaiunsors alrajs'emute[g tiynmlpinmzmg| ay obbjebiaek Jurnatio; dber ejeetverglndtion

curves in.o t nor.e rou sed on the co ing; calcylating a
Cl st erdoRgSutad i purBiy i BHBE pefien HRSBvbcmentERaiaii chivel deBueiasr o
cIustenﬁO@QQﬁqhggMbﬁgkgﬁdQg§wgggn@m§@ﬁwp or nore clusters; and determ ning
whet her to refine the background renbval cursors based upon the clustering

qual i ty met rid, Thenvellosroftdaimaciighetaampegingal cursors are to be refined,
modi fying t he rrl?r?acr £ %Pudralritye/%?%%lckg(;:r%h%a-rc%rrected melting curves to one another;
clustering the plurality of background-corrected melting curves into two or
more groups based upon the comparing;
calculating a clustering quality metric based upon a deviation within the two or
more clusters and a deviation between the two or more clusters; and
determining whether to refine the background removal cursors based upon
the clustering quality metric, and when the background removal cursors are to be
refined,
modifying the background removal cursors,
calculating modified background-corrected melting curves using the
modified background removal cursors, and
recalculating the cluster quality metric.
15. The method of claim 1, wherein the compound comprises a nucleic acid
sample, the method further comprising:
amplifying the nucleic acid sample;
melting a solution comprising the nucleic acid sample and a fluorescing dye
by applying an energy gradient thereto; and
acquiring a plurality of EO radiation measurements as a function of

temperature.
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cal cul ating nodi fied background-corrected nmelting curves using the nodified
background renoval cursors, and recalculating the cluster quality netric.
15 . The weothod3ef13cl ai m 1, wherein the conpound conpri PEI/US20100B096¢ aci d
sanple, the nethod further conprising: anplifying the nucleic acid sanple;
melting a so tjgon conprj si zcg the nugl ei.c acid sanal and a fluorescing dye
by appl yi ng RerBe a8l i8N Her WHBLEIR HG€26QM0PP rr‘é COPPIRES B PrYFNED
radi atigmmeasurenents as a function of tenperature.16 . The nethod of
claim1l1, wherein the conpound conprises a protein sanple. 17 . A

conput er - r eddabRe compuigrereaddblemstarapei giadliuro oapupesinge adatgiuter-ieadablet i ons

fi d t : ti devij t f hod f | yzi
el t1 nd RHTENSaPATHES Y KHR o EPHIRY R PRI i eI AR  ng
curve Ch?taﬁ*yz_ir@ﬁweﬂ*ﬁ%félhrﬂf@_rdaaé, tAeIrhéthed ohv@isig:a conprising a plurality of
el ectro-optical (EO radiation nmeasurenents as a function of tenperature,
t he measur erRG6€§SIHBt REsENGYaheelting CHrveoAptauriie cotpsrimemagl Bneltingb €88/ ng
dye, [ : ' I ' - ' d EO
ad at 1 oS R Aot B e B B R AR R S

and calfanttidn g &erdpsiaairepnthbuntddsanemehs ddvainéd oby f medtingora goamsaund ng a
devi ati on between the experinental nelting curve data and the nodel, of the

backgr GRS adi AUPEHFCEIGy e, a¥Nereilndhe ofXRFNTeRiSEr AEHING. cLgve 4ai@
conput €l; ﬁr@(gg i AR chaji.m 17, wherein the experinental
mel ti ng'rogﬁrve %atsgag}gagﬁtlza@ﬁéedé%y Sa'%b?’yl ng an energy gradient to the
conpound corgacessing a medél aitthe LEckgraiyel. EQJFadialibe siggbaret - r eadabl e st or age
medi um of claim 17, wherein the del of the background .radi ati.gn signal
Compr | ses orfeloiayin At RoREeldh e e vilion BokEht i bid Srdivaten and
a quadridhiveeh URE tdxPBrim&dtal BItIRG BRI E HatLadalthe mbéds agangsickgtRInacE® m 17,

the method further conprising presenting the deviation function to a user
on a huediatioasignes asra einther of temperature.

18. The computer-readable storage medium of claim 17, wherein the
experimental melting curve data are obtained by applying an energy gradient to the
compound comprising the fluorescing dye.

19. The computer-readable storage medium of claim 17, wherein the model of
the background EO radiation signal comprises one of the group consisting of an
exponential decay function and a quadratic function.

20. The computer-readable storage medium of claim 17, the method further
comprising presenting the deviation function to a user on a human-machine interface
device.

21. The computer-readable storage medium of claim 17, wherein calculating
the deviation function comprises:

segmenting the experimental melting curve data into a plurality of windows,
each window defined within a temperature range of the experimental melting curve
data; and

calculating a plurality of fit parameters, each fit parameter calculated within a
respective one of the windows, the fit parameters quantifying deviation between the
experimental melting curve data and the model of the background EO radiation
signal within the respective window, wherein the deviation function is formed from

the fit parameters.
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device. 2 1. The conputer-readabl e storage nediumof claim17, wherein

cal cul ating the deviation function conprises: segnenting the experinental
mel ti ng cwowelwdaes3i nto a plurality of w ndows, each w rAOWSAeDioBdd Wi t hi n
a tenperature range of the experinmental nelting curve data; and cal cul ating

| it it t . h fit t | ated wi t hi
FeSpective dte dhe REMHUHRECabRo Y¥7POa SeEr © G 2s nghBen atiFon
bet V"eerbdrﬁﬁ)&?bo%bh‘}ﬁ@b@:]a MRhdiéiBdabil ¥8mpeR sarndvAdiginmadetl pairarhBerbaeisgr ound

EO radi ation signal within the respective w ndow, wherein the deviation
f unct i melecied ovinddwf isogalchlatdd byplitinggherexm@pimerial owiing eurveeddttble a
storage nediumof claim2 1, wherein the conpound conpriseg a nucleic acid

sanpl e,mtaﬁg cmﬁ@edd?:kgra iHd B8y AMRARIn Qién%l Peth@ChRd W adow s’ c %L&\t gd by

fitting e experinmental nelting curv ata to a nodéel of the background EO

radi at iy §i:883tting pdraehdtersnTas témperature? T B adirdbvicindeRdadd VRlisaidith ng
paraneters, T is tenperature, Tlis a w ndow i ndex, and Wis a width of the
sel ect &¥f the salegtedP@indpMe conput er - r eadabl e st orage nedi um of clai m 22,

ot mum val - PR T pBRb B QU BRI ol MG A2 e LRty MO @
conput &he ldeairibhgusttivraiethee domprieés elibirattdidy a nhiein@hhetld of theelevedtiopr | si ng

determ ni ng whet her the experinental nelting curve data conprises a valid
mel t t rfHASHAN Berefednon by, calculating a ratio of a maxi mum val ue of the

deviation f%tﬁ@cégﬁgﬂﬁ-r%d%le%ﬁ EmEdiR Gdaith PR AMthoQulths:

devi ati on function; etermning that the experinental nelting curve
dat a caopnprisisg aeteidingevhetheartbetexperinegitainmaitery thever dafaocempesels aa
t hr eShO'aﬂ' 25,  The conput er-readabl e storage nedi um of claim 23, the nethod
furtherV Gr%‘?li YPAYILON feHPNY ng a hi gh background removal cursor and a | ow

Covt Sk o (EIRUBIG H1308 JK DR Ve AME MBI GHLEM B ohb0ran
usi ng taveragemalardaidoavmean value of the deviation function; and

determining that the experimental melting curve data comprises a valid melt
transition region when the ratio exceeds a threshold.

25. The computer-readable storage medium of claim 23, the method further
comprising:

identifying a high background removal cursor and a low background removal
cursor within a first temperature region of the deviation function; and

calculating a background-corrected melting curve using the high and low
background removal cursors.

26. The computer-readable storage medium of claim 25, the method further
comprising:

identifying a first background temperature as a highest temperature within the
first temperature region at which the deviation function exceeds a threshold;

defining a cursor probe region comprising temperatures greater than and/or
equal to the first background temperature; and

selecting the high and low background removal cursors from the cursor probe
region.

27. The computer-readable storage medium of claim 26, wherein the
compound comprises a protein sample, the method further comprising:
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background renoval cursors. 26. The conputer-readabl e storage nedi um of
claim?25, the nethod further conprising: identifying a first background

t enper at We 2an/@32818ghest tenperature within the first tecpasatwoassegi on at
whi ch the deviation function exceeds a threshold; defining a cursor probe
regi on conprising tenperatures greater. than and/or equal to the first
backgr ound. (55870 BN & BPEU ek Hb Ay GHRLAR S BXERGPBeRES By al
cur sor snEkingdubRe §4taSahdpPr obe region. 27. The conputer-readabl e storage
medi um of clai m 26, wherein the conpound conprises a protein sanple, the
met hod f ur t hesing thepaggrieggtion signel mpoel imtkrnowd the dggregation signal from the

aggregation signal in the experinmental nelting curve data; and using the
aggreggi’ C%ﬂr%rgﬁ%?”?ﬁ%&m%'ﬁ”f&%\?e t he aggregation signal fromthe

backgr ound- cxg.r Fekedorlutéri@agdbie st@ge TheedigMP Wietlirfadabl @hstc agr
medi um of cl aim 25, wherein the conpound conprises a nucleic acid sanple,
t he metdPSRPIUNC CRIAPUIRFHR INSCIRE acid SeMAgi thg naethiogHurhekeprsprdingenper at ure as

a highest t et Ur it fi I i I e
oy SPeSt SRRt Aot e AR 8L HERLEUAR AL I b
i dent i ffirsthgnapdrature ael@noainwhicbnper déwatorafuractibnveseetis nptrashisld plug la n t he

first tenperature region at which the deviation function exceeds a
t hr eshdirel PEES cN8EEGNd buffer constant: defining a high probe region

compr | Si N9 GERAAGLS fw BEERYBNNBMIARSE o8 Blndd 1bABERIEN: BARKBIRN

t enperature and ing a pre=determ w dt h; Inin probe region
conpr i dirsigtengpgratuae regonl atswhidhatheadeViatiore furadtionoextdeeds cwtirashalddeassl a

t enper at ur e .and. havi 1 pre-determ ned width; and selecting the high
backgr oiﬁ?&ngz%&f\%m@%}g@gr from the high probe region and the | ow background

removal cur sesiinfiPm hioh bRserelien r&ﬂﬁﬁﬂbinégcem'gﬁé‘?at%ﬁf(@@?@étd qR&tabirRy6 or age

medi um of claim wherein the | ow and the hi gh background renoval cursors

are selaesebtd the mphibackgieyndrieoipesaitiresand havingohpra-detesmjnask Widdh;f unct i on
confi gured tooefﬂtljn%né ilc];\k; p%beeFergcl’cr)n 88%\';\)%gmgttgﬁ1peratures less than and/or equal to
the low background temperature and having a pre-determined width; and

selecting the high background removal cursor from the high probe region and
the low background removal cursor from the low probe region.

29. The computer-readable storage medium of claim 25, wherein the low and
the high background removal cursors are selected by minimizing an objective
function, the objective function configured to quantify an error between the
experimental melting curve data and a model of the background EO radiation signal.

30. The computer-readable storage medium of claim 25, the method further
comprising:

comparing a plurality of background-corrected melting curves to one another;

clustering the plurality of background-corrected melting curves into a two or
more groups based upon the comparing;

calculating a clustering quality metric based upon a deviation within the two or
more clusters and a deviation between the two or more clusters; and

determining whether to refine the background removal cursors based upon
the clustering quality metric, and when the background removal cursors are to be
refined,

modifying the background removal cursors,
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experinmental nelting curve data and a nodel of the background EO radiation
signal. 30. The conputer-readabl e storage nedi umof claim25, the nethod
further cwopoieisegy3 conparing a plurality of backgroundPcorusecivmssonel ti ng
curves to one another; clustering the plurality of background-corrected

mel ting curves int two or .por roups pased upon the conparing;

Cal cul ati ng & ol (et gtod el eberasbEda Bl Thelas, FREURRBHNS ¢ he
two or nore {bYHESbACRGGUAITEMIOVRI QirsBRY Wean the two or nore clusters; and
determ ning whether to refine the background renmoval cursors based upon the

cl ustering qual i trecatsulatiog thedlustesrguatity metiagr ound renoval cursors are to
be refined, di fying fhe, background, renpval cursors,calcu ating.nodified
backgr ound- corr e%Sd%ﬂ%‘!pr%{de@a?ﬁ'&s SEPsr?%; mfg'%d?{ icé%‘n.baﬁkgyvhﬁ%dnr@}?oval
cur sor ssorpsLiiceeshptided & Raicletadit sahedle aMal rhéthotEtifther cdmprisihge
conput er -readabl e storage nmedi umof claim 17, wherein the conpound

conpri ses a aioelifging theindcleimpeid sandemet hod further conprising: anmplifying
the nucleic " X t, : d [ ner gy
ar adi ent -t o TRANG3AEELRPAIRY d ohe ALama e 5 idtaB sFadbrliiY il
conpourghd iaockaatrqua lorig cengantrationtof toé cB@poaddabhdn neasurenents as a
function of one of tenperature and jonic concentration. 32. An apparatus
for anal yzi RFMEING APEER M 0f&Q, radiGHeni BEABHeN& SRS f TYNelN €8 B8Pl i si ng

a proceaseratife éﬁ&ltrt'& tbREeritRidhe operabl e on the processor and configured

¢ ! .
to access experinen arﬁ melting curve data, the experinental nelting curve
dat a conpri SShd\reagpparatls foy anélyzingonebingpuineataiagECompaidingt | on neasur enent s

obt ai ned by neltinﬁ a congound conprising a fluorescing dye, wherein the
exper i ment al@ A¥NPHHRE E6Vig C&Qipé'sgﬁiﬁﬂr% S8Mbackgr ound EO radi ati on signal;

a model i ng rdkguisRiBhaPbaURNoHERDRS BREHBOProRBEsEOANH HehAGulicd RF 6EESsA

nodel of the background EO radi ation signal; a processing nodul e operable

on t he gxpeciswndal melingoeifrivewade, the extarumentsl eelting curve data comprising a
plurality of electro-optical (EO) radiation measurements obtained by melting a
compound comprising a fluorescing dye, wherein the experimental melting curve
data comprises a background EO radiation signal;

a modeling module operable on the processor and configured to access a
model of the background EO radiation signal;

a processing module operable on the processor and configured to calculate a
deviation function, the deviation function quantifying a deviation between the
experimental melting curve data and the model of the background EO radiation
signal,

wherein the processing module calculates the deviation function by
segmenting the experimental melting curve data into a plurality of windows, each
window defined within a region of the experimental melting curve data, calculating a
plurality of fit parameters, each fit parameter calculated within a respective one of the
windows and quantifying deviation between the experimental melting curve data and
the model of the background EO radiation signal within the respective window, and
wherein the deviation function is formed from the fit parameters.

33. The apparatus of claim 32, wherein a width of the windows is selected
based upon one of a resolution of the experimental melting curve data, a property of
a feature of interest within the experimental melting curve data, and a performance

metric.
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deviation function, the deviation function quantifying a deviation between
the experinmental nelting curve data and the nodel of the background EO

radi at i orwei2greal32sher ei n t he processi ng nodul e cal cul ares/ush@ogaasat i on
function by segnenting the experinental nelting curve data into a plurality
of wi ndows, each wi ndow defined within a region of the experinental nelting
curve data, calculating a plurality of fit paraneters, each fit paraneter

cal cul at ed vi4 hfHe 8ppSRRES bf ¥RIANE Alhéleth W Mdonanler suandddote@bndeyf ati on
bet ween the experinental nelting curve data and the nodel of the background

EO r aditheivondewgitatalaillatechby Fitinggbp expetimental doeltingcdrishdataita a medaket at i on
function is formed fromthe fit paraneters. 33. The apparatus of claim 32,

uher el tha BHcRblbupl £O%IBR"SghA i@%@%rﬁﬂob%sﬁé“ﬁmnirp i CPafi @bl 1 on

of the exper ntal nmelting cu ata, a property of a fteature of Interest

wi thi n fitfeg PERAHERROT flis MBMPERAURLIT 8 GalmdoaNthaexPaht ONTRNE Gvid®l 61 fe34.
The apparatus of claim 32, wherein a fit paranmeter of a selected one of the
wi ndowsselectedmdndewed by fitting the experinental nelting curve data to a

Which & anc TR BOPRANS BPGER R orRlPPR pigfebifio oAU oPoysedh o,
i ndex, tardibacsa aimintlirh vafug bftheeleaedtion fwhotitswhed&frorhhe apparatus of claim

32, wherein the processing nodule is configured to subtract a m ni mum val ue
of the devi gﬁa-onq aﬂear!a(t#s phel_agm?&nwfwemr BW§§§99@6¢U|§I 'ﬁi%”ﬁgf,”qgher ein
the progesskRfinECRHERer She Oéﬁdegikﬁﬁﬂ%ﬂ H\e‘ﬂﬂg{eﬁmv@??%e&é}ﬁgrié&e ae\’izﬂfé{ tal
melting curve data conprises 'a valid nelt “transition region by cal culating
a rati drafsitiormeegion by \calautatofg & lratio ©f isatiagimdmnalue of tlee deeiatibn dunetioer age

R N R

when t hgaf #id %xﬁéﬁﬁ%ﬂﬁal%éfﬂih@smgdaﬁdcd?ﬁbﬁéég Bl Plict Rt ¥r5ﬁsiﬁ6ﬁ%bl@%m al

melting curve data does not i'nclude a valid nelt transition regi on"when the

rati o deesn the ratiac exceadsea tthresbtgl, dand3deteTmming pratahesexperichental @ejtingher ei n

the LIRS dhid BoRRl Rt iBhEde 2 ARy ol WaRbkbK BhicteYhah' RB LHBUI Ser 2"
exceed the threshold.

37. The apparatus of claim 36, wherein the threshold is calculated using a
plurality of deviation functions, each calculated using different respective
experimental melting curve data, and wherein the threshold is calculated using one
of an average and mean of a ratio of a maximum value of each of the respective
deviation functions to one of an average and mean of the each of the respective
deviation functions.

38. The apparatus of claim 37, wherein the threshold is based on a standard
deviation within the ratios of the plurality of deviation functions.

39. The apparatus of claim 37, wherein the processing module is configured
to identify a high background removal cursor and a low background removal cursor
within a first temperature region of the deviation function, and is configured to
calculate background-corrected melting curve data using the high and low
background removal cursors.

40. The apparatus of claim 39, wherein the processing module is configured
to identify a first background temperature as a highest temperature within the first
temperature region at which the deviation function exceeds a threshold, to define a

cursor probe region comprising temperatures greater than and/or equal to the first
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experinmental nelting curve data, and wherein the threshold is cal cul ated
usi ng one of an average and nean of a ratio of a nmaxi mum val ue of each of
t he respewOi2om/desiBat i on functions to one of an aver agepramdseean3oby t he
each of the respective deviation functions. 38. The apparatus of claim 37,

e S ERER S N T

wher ei Frdrh8h @ COD? prose e is configured to identify a high background
renmoval cursor and a | ow background renoval cursor within a first .
t enper at ur e 4legitvm appatdies dédlaim 40, Mmeceindhe comdpouna cafmpgiseed peotein

cal cul ate Qack rourrl]d;[correct ed mel tanI curve.datg Si ng t he higqg lanti | ow
backgr GURP PenBULP!c 1% & 8cesind Tadulfols, splioled (oakPsss bty not fe
processdgtyativgl Wi ear ag§@yationrsghadiani tienétderinferithr fielthff koreUastal eifaetoat ur e
as a highest tenperature within the first tenperature region at which the

devi at iUs¢ fthpcrgdsaJeticiecdgnal MAdesHeI EeMeve déri AegEedatiPsopigpRbHEOM elfieon
conpri 'dﬂ& Foqm&e_&?,}éjcrg Iﬁﬁigﬂr\khan and/ or equal to the firstbackground
e TP 8 i Sl

tenperature, and s:[ € hi'gh and | ow background renoval cursors from

the cursor prabkhe eppaatustofl clairh 3% pmrdarainutheoprockssing 40odwbes eonfifed
conpound conprises a protein sanple, wherein the processing nodule is
configJPed to access a nodel of a derivative of an aggregation signal in

the experi ”‘?Héﬁt’ify@hgjrﬂﬁa& r&ﬁn&’%ﬁaﬁefé}gré s ﬁig{)ﬁé%lt(@&ﬂgégﬁ&ﬂeoﬂ/itﬁin%%'
nodel to renove the aggregation sigha rom t he “packground-corrected
mel t i ndirsutereperdafure Thgioapaawhatchsthef deviation 8 ctiohexaerds e thpesioad gplag amodul e

is configur to, jdentify a high background tenperature as a hi ghest
t enper J{rgt@ef%rtcﬁhﬁ{q’ﬁe first tenperature region at which the deviation

function exGgestya bV Backgréumd tsmBeratureladPaidwisstaomperatlire WHRIM thbYirgt | ow

background tenperature as a |owest tenperature within the first tenperature
r egi on tampgnatore tragiofeat avhion thendevigtiorxuaelinn £xcheds mltirasboll desse@ond

buffer can n fi,ne. a high probe region conprising tenperatures greater
t han ar?c?ﬁ8ﬁaid’uﬁnf§rg6'3$t?ﬁg hi gh background tenperature and having a

pre- det er m nrding dlhiyh probe region comprising temperatures greater than and/or equal
to the high background temperature and having a pre-determined width,

define a low probe region comprising temperatures less than and/or equal to
the low background temperature and having a pre-determined width, and

select the high background removal cursor from the high probe region and the
low background removal cursor from the low probe region.

43. The apparatus of claim 39, wherein the processing module is configured
to select the low and the high background removal cursors by minimizing an
objective function, the objective function configured to quantify an error between the
experimental melting curve data and a model of the background EO radiation signal.

44. The apparatus of claim 39, wherein the processing module is configured
to,

compare a plurality of background-corrected melting curves to one another,

cluster the plurality of background-corrected melting curves into a two or more
groups based upon the comparisons,

calculate a clustering quality metric based upon a deviation within the two or

more clusters and a deviation between the two or more clusters, and
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define a | ow probe region conprising tenperatures |ess than and/or equal to
the | ow background tenperature and having a pre-determ ned w dth, and

sel ect thwohlogh3ksaaskground renoval cursor fromthe hi ghppralseowagisen and

t he | ow background renoval cursor fromthe | ow probe region. 43. The

apparatus of, ¢l ai.m 39 erein th rocessi ng modul e is confiqured to
Select the IsipaNEenrRetGIP IS AP CeTTa TRV GueSass BRaAR A ean
obj ectiygstbHRG LMy rﬁ@@ic?ﬁh@WHeﬁethEWg%r@%Hcﬁ}éﬂ 8drsioPs HERHY bé Yeffeder T oF
bet ween the experinmental nelting curve data and a nodel of the background

EO r aditheipspcassingaimodale, isTeafigpieartat us of claim 39, wherein the processing
nodul e is configured.to, .conpare lurality of background-corrected

mel ting curves tdn8ﬁ'£y @}?O?qu%rowqige?’gqquﬁgr%rﬁ,r ality of

backgr ound- cor r eciapshiiamel hha@fied!r askgrdlird-8oirdbtedl By KERVES (paagdithHepon

the conparisons, calculate a clustering quality netric based upon a
devi ati on wihadified hackgroupe rapyateyisPes, nnd a devi ati on bet ween the two

or nore cl USterS’rﬁéé]'ﬁgf%rtﬁi%@rﬁ?%%&gﬁﬁ?i’fg”‘rc-efi ne the background renoval

cursors based upo C metric, and when the background

renmoval cur #A§.s Taeeagparbis of ¢laied I2hevhmreivethel cgmpovhd eonfprisesfd gucleit t o,
nodi fy the background renoval cursors, calculate nodified

g
backgr cﬁfr‘ﬂjSEWP}%é@%épHﬁWQtW%&rHW\P@@QE@F"}Qg_ the nodified background renoval
cursors, andy{ g, rﬁ‘tc,%nﬁgﬁrr? | oSA&uitUitle! é%puc &ntst g@inglﬁl&vgm%ﬁﬁgﬂ%s of

claim 32, wherein the conp conprises a elc a
appar atinstrdrnebhesmpiosipg iasvasgel fon hohding theecdmpoufd.gured to acquire the

experi nent al | ting curve data, the jnstrunent conprising a vessel for

ol di ng. t he Hbmpdlifd PRBIAURO SRR AR BHet A HeadhShHare: PR &S @ ument
conpri sfgrrodyREsrocycler. 47. A nethod for analyzing nelting curve data,
the met hod conprising: accessing experinmental nelting curve data, the
exper i ment al4ét metpcionesalyzing meting clnig datapithe setbgd 6pmeIrisg: o- opt i cal

(FO), radiati on. neas L STeM Syl Aifh, TRV 080" AL Slrintdfal Rt EGRS
data comprising a plurality of electro-optical (EO) radiation measurements along a
melting gradient, the measurements obtained by applying the melting gradient to a
compound comprising an EO radiation emitting dye, wherein the experimental
melting curve data comprises a background EO radiation signal;

accessing a model of the background EO radiation signal,
calculating a deviation function, the deviation function quantifying a deviation
between the experimental melting curve data and the model of the background EO
radiation signal as a function of the melting gradient, by
segmenting the experimental melting curve data into a plurality of
windows, each window defined within a region of the experimental melting
curve data,
calculating a plurality of fit parameters, each fit parameter quantifying a
deviation between the experimental melting curve data and the model of the
background EO radiation signal within a respective window, and
forming the deviation function from the fit parameters; and
storing the deviation function on a computer-readable storage medium for use

in analyzing the compound.
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compound conprising an EO radiation emtting dye, wherein the experinental
nmelting curve data conprises a background EO radi ati on signal; accessing a
nodel of wbeobvaskgysound EO radi ati on signal; cal cul ati ngCca/usemioas496n
function, the deviation function quantifying a deviation between the

experi ment al ting curv ata and the nodel of the background EOQ .

Pl at on oi4thateBteyed GE clein oF Vel ity SaParRBTEACSIBY0 SR AR ¢ he
exper i HAREd Y Mdlng YRy TdtFSurd b9 she biraplyilg @n %éﬁbgv‘%ﬁao‘?@rﬁhto“wédow
defined wthin a region of the experimental nelting curv ata, cal cul ating
a pl ur alangowtfd &nd incaeasirg ansonie@ohcéntratipsr afitbe@ompound. f yi ng a devi ati on
bet ween the experinental nelting curve data and the nodel of the background
EO radiation signal within a respective wi ndow, and form ng the deviation
function fromthe fit paraneters; and storing the deviation function on a
conput er -readabl e storage nedium for use in analyzing the conpound. 48. The
nmet hod of claim47, wherein the experinental nelting curve data is obtained

by nelting the conpound by one of applying an energy gradient to the
conpound and increasing an ionic concentration of the conpound.
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