SYSTEMS AND METHODS FOR PROCESSING NUCLEIC ACID
CHROMATOGRAMS FIELD OF THE INVENTION The field of this
invention relates to computer systems and methods for automated
processing of nucleic acid chromatograms. Such methods can be used to
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heterozygous nucleic aci GR tracings, BACKGROUND OF THE
INVENTION The availability Q of DNA sequence
information has begun to influence the practice of biology. As a result of
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chemistry, this also allows all four reactions to be carried out
template of interest and an oligonucleotide primer complementary to a specific site on
the template strand. For each of the four bases (A, G, C, T), a reaction is carried out in
which DNA polymerase synthesizes a population of labeled single-stranded
fragments of varying lengths, each of which is complementary to a segment of the
template strand and extends from the primer to an occurrence of that base, These
fragments are then separated according to length by gel electrophoresis, whereupon
their relative sizes, together with the identity of the final base of each fragment, allow
the base sequence of the template to be inferred.

In automated sequencing (Smith er al. 1986, Nature 321:674-679), the
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in a single tube). For example, one such application employs laser
excitation and a cooled CCD (charged coupled device) detector
(Kostichka and Smith, U.S. Pat. No. 5,162;654) for the parallel detection
of four fluorescently labeled DNA sequencing reactions during their
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fluorescence method for the detection of nucleic acid molecules. See also
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signal processing methods are used to deconvolve and smooth the signal estimates,
reduce noise, and correct for dye effects on fragment mobility and for long-range
electrophoretic trends; and base-calling, in which the processed traces are translated
into a sequence of bases.

As used herein, the term "trace" refers to a time-resolved separation pattern
obtained by chromatography for a particular compound, such as a nucleotide. This

separation pattern is characterized by a plurality of datapoints in which each
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represented by the trace is present, will typically be assigned relatively
large signal amplitudes. Thus, a pattern of datapoints having relatively
small amplitudes and datapoints having relatively large amplitudes gives
rise to "peaks"” in the trace. In some embodiments, a trace has more than
five datapoints, more than 100 datapoints, or more than 1000 datapoints.
In_ some embodiments,,a trace between two and, 100,000 or more
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Toward the end of the trace, the peaks become progressively less evenly spaced as a

result of less accurate trace processing, less resolved as diffusion effects increase and
the relative mass difference between successive fragments decreases, and more
difficult to distinguish from noise as the number of labeled fragment molecules of a
given size decreases. In particular, poorly resolved peaks for the same base may vield
a single broad, often lumpy peak.

In better resolved regions of the trace, the most commonly seen

electrophoretic anomalies are compressions (Sanger and Coulson 1975, J. Mol. Biol.
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calling" refers to the process of determining the identity of a nucleotide
base in a nucleic acid sequence. Some of the earliest base-calling
‘software was part of the processing software installed on the first ABI
sequencing machines (Connell et at, 1987, BioTechniques 5:342-348).
That ABI software is often used as a benchmark by which other methods
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example, Ewing et at, 1998, Genome Res. 8:175-185 describe a
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two physical chromosomes, the maternally derived chromosome and the
4&5%@&18@% ﬂl'p L98%n gnyroceedmgs of the First International Conference on

Intelligent Systems For Molecular Biology, Hunder ef ol eds, pp, 136-144, AAA]
Press, Menlo Park, California; Golden ef al., 1995 in Evolutionary programming [V.
Proceedings of the Fourth Annual Conference on Evolutionary Programming, 579-
601; Berno, 1996, Genome Research 6:80-91). These programs all perform multiple
gel image processing steps including base-calling, and have the merit of allowing
efficient centralized processing of the data on a computer independent of the
sequencing machine. However, none of these software programs identify
| heterozygous peaks in traces in a satisfactory manner.

The ABI base-calling software that is available for ABI sequencers can
4



derived chromosome. For example, consider the case in which a region of
human chromosome 1V is to be sequenced. Primers prepared for this
sequencing reaction bind to both the maternally derived chromosome IV
and the paternally derived chromosome IV. Thus, a mixture of the nucleic
acid sequence from the maternally derived and the paternally derived

hromgsome 1V is sequenced. Unlike the case of DNA samples from
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sequence data are detected, and each of the peaks in suth le peaks
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Such human interpretation is prone to error due to its inherently
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between corresponding base positions hi the maternally derived and paternally

derived chromosomes, two peaks will arise in the trace, one for each of the

nucleotides, In humans, approximately one in every 500 to 1000 bases has this
heterozygosity. Conventional base-calling software does not satisfactorily identify

such double peaks. Rather, such peaks are typically designated as "not read."

The base-calling program TraceTuner (Paracel, Pasadena, California) does

have some capability for detecting and recognizing heterozygous bases. However, the
heterozygous base recognition algorithms of TraceTuner are unsatisfactory because

they require manual intervention. Accordingly, the art still needs improved systems
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techniques according to embodiments of the present invention,
heterozygous traces may be automatically converted to a pair of
homozygous base traces using a rule-based system. The techniques
according to embodiments of the present invention may have wide
applicability for genotyping heterozygous nucleic acid samples. for
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sequence traces, and conventional base-calling so as no
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thereby 6a identify polymorphisms. Embodiments of the present invention
'F'émove the subjective, labor intensive step of identifying

polymoiphisiasiclising theasistemsang metndsnRaeo6ding fesent invention

embodiments of the present inyention, Qeterogggous nu{cle#]c acid samples
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SNPpeiabithetsforms ofemarkerspdssobitesiwithhtheidisedse. Undeg diudy.
h@@qﬂt@&mm@%@um%‘m%F@ﬁeb%gge%ft W&%ﬂgﬁiﬂ%ﬁ@' Sl aces

systems and methods according to embodiments of the present invention
3 156 TEEHAGEMEY S TRIhE dieiis o Shemer gosdramiplesyeriezal Siippased
diseauery, diagnostics, and forensics. In the specification and claims,
reference is made to chromatograms (for example as illustrated in Figs. 4

and 5) hASISGHENRSIRCHUdEE 'é)nwwgéfﬁgewa fESe3eR4 ket ARG Yhe Ve
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‘?%)Ef\gnﬁli%p%sg Eﬁ( m%o‘?ﬁ? CEWY NS nber of a cohort population chosen to study the
disease trait. Polymorphisms discovered in this cohort population are then tested
(etther individually or in the form of a haplotype) to see whether they associate with
the disease. The detection of such an association validates the hypothesis that the
focus in the subject region of genomic DNA is linked to the disease. The problem with
this known technique is that conventional techniques for identifying the
polymorphisms necessary to perform the requisite association studies are labor

intensive and expensive. Such polymorphisms typically show up as double peaks in
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a signal amplitude of a nucleotide measurement associated (or capable of
being associated) with a positional indication (i.e., a "datapoint"). The
chromatogram may include a plurality of separate files, each specifying
the signal amplitudes of one or more nucleotides, which may be
combined and normalized to provide a complete set. The signal
amplitude is preferably proportional to the concentration of nucleotide
detected, tbueneed notbetexathar astorgdanteawithaa ficstiaspectioftiyer f

RERRH L0eaNan, ERe R AOKARd a1me et of PIARRRRING &yention is

heterozygous inp t nucleic ac romatogra rom a heterozygous
rigatsiedticidsampsiezhaviigpaaphureditf ot bubstantially simultaneous
traces, each trace in said plurality of traces having a plurality of datapoints
and each respective datapoint in each said plurality of datapoints
representing a signal amplitude at a position in the trace corresponding to
the respective datapoint, the method comprising: identifying a first peak in
a first trace in said plurality of traces that is substantially overlapping a
second peak in a second trace in said plurality of traces, the 7 substantial
overlap of the first peak and the second peak thereby indicating
heterozygosity in the heterozygous input nucleic acid chromatogram; and
outputting said first peak to a first output homozygous representation of
said heterozygous nucleic acid sample and said second peak to a second
output homozygous representation of said heterozygous nucleic acid
sample wherein said identifying and said outputting are executed using a
suitably programmed computer. One embodiment of the present invention
provides a method of processing an input nucleic acid chromatogram
having a plurality of substantially simultaneous traces. In the method, for
each of one or more respective peaks in a first trace in the plurality of
traces, a datapoint having a maximum value in the respective peak is
marked. Also, for each of one or more respective peaks in a second trace
in the plurality of traces, a datapoint having a maximum value of the
respective peak is marked. A coordinate is identified in the input nucleic
acid chromatogram that is within an overlap threshold number of
datapoints of (i) a first datapoint having a maximal value in a first peak in
the one or more peaks in the first trace and (ii) a second datapoint having
a maximum value in a second peak in the one or more peaks in the
second trace. Finally, the first peak is outputted to a first output
homogenous 7a representation and the second peak is outputted to a
second output homogenous representation. In some embodiments, the
overlap threshold number is between two datapoints and seven
datapoints and in some embodiments the overlap threshold number is
three datapoints. In some embodiments, the input chromatogram is in an
ABI trace file format,
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a SCF file format, a ZTR file format, or an ALF file format. In some
embodiments, the first output homogenous representation and the
second output homogenous representation are each written in an ABI
trace file format, a SCF file format, a ZTR file format, or an ALF file
format. In some instances, when there is more than a threshold number
of peaks in the input chromatogram in a predetermined region about the
cdondiiygtelytherpbnsknate is not split into separate chromatograms and
the first, peals;and (16 fecond peak are sach witien o the, st outpu,
homogenous  représentation and'the' §8¢cha 'ou put homogenous
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TR e AT R BT e S s haSedoner dAiloe
ofytharsecdndeapealk is-gretitertithanbadhneshold tatioraahudy thefinst pebk used

nd..the second %k are,each written to the fir: te t homogenous ..
e R B Ao by S Bod  es. on
derpesismbodiments, the input nucleic acid chromatogram represents a

nucleic agitk SEAUBRSS TN AINSISTAZYENVS RNUGIRIC AGH SAmBle.aNd the

method further comprises scanning the input nucleic chromatogram for a
somPRIFinsBRIRIRGH telidtion ﬂﬁ‘@h%%@t%ﬂyﬂéiﬂée Higersicaatiopsimpgreapoints
\Wiapn<a RRIAL afdnsestinrfh.delatian dafoHRdallregieRsuaftes herstood that
insertion or deletion are written to both the first output homogenous

5 AL BRI Bt & YoM VT HERFogRISIUY faplasantarisiyesf need to
spehelibiancesstmacanning iipaninsertien ey delelion camihigesram”

& %Tﬁe%dgéﬂn sbt%kﬁ?ﬁeeﬁ (?@]'i%é? rﬁ%\?%tzggg%gﬁ If?él?&% %y é%g&gge;rg %g% %fltee g[%cifying

given coordinate.

insenidnidplatidn dhreshdidtniemibes, thecnardinateds @ deiebmines:ioghe
the pointof insertion or deletion, in the hetgrozygouys, nucleic acid sample.
R er i bt e S By
265 aghda7 8 uitnl it sepabod ifrsnts ¢ b ¢ i Hid el etiom b s istdoi oneber
Iﬁl@l%tmﬁ?&)gée@a% N%QQ”J? §é) %ﬁlgm Ql[{' x?gﬁﬁﬁaﬂ}%dﬂ? '8gi(flurft!hceorn lete set.
comprises generating a common peak profile for a plurality of pea’kfm
thecifigne e deid preloraaitopremmetamd] pribe torsampuatiingoionocignitde

RemagenRysdaPressrtations, checking the first peal< or the second peak
against the common peak profile. In some embodiments, the common
In accordance with a {irst aspect of the present invention, there is provided a

method of processing a heterozygous input nucleic acid chromatogram from a
heterozygous nucleic acid sample having a plurality of substantially simultaneous
traces, each trace in said plurality of traces having a plurality of datapoints and each
respective datapoint in each said plurality of datapoints representing a signal amplitude
at a position in the trace corresponding to the respective datapoint, the method
comprising: identifying a first peak in a first trace in said plurality of traces that is
substantially overlapping a second peak in a second trace in said plurality of traces, the
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peak profile is generated by (i) determining the average number of
datapoints in the peaks in the input nucleic acid chromatogram; and (ii)
averaging a profile of all or a portion of the peaks in the input nucleic acid
chromatogram that have the average number of datapoints, thereby

forming the common peak profile. In some embodiments, the checking
comprises determining whether a value of a test datapoint in the first

peak or the second peak exceeds, by an errqr percentage, a value of the
FAEHSME RHCRSHb! I'Eézaﬂ%?wﬂ|€(‘?ﬁ§f%<h%%ﬁ<otﬁa% theiadpe
datapointodinsonde: instangesuihepamardgpaccearidagedshenesnadouid@by
asqgi 1S 'u}egkd? IQ 'ﬁ%?](ﬁlti)n%ﬁ?oqggs’ thes%ra?é e%rf(i\'l?(ma(%es'{;sd?gtoelfl})p Aol nuclei
accordance with a'Second asSpect' s the Pregentinention; there fa 20Us nuciere
provisieeh aohspisterqorobparh predectfopuseihgoniyactiorepitheatation of
COMRUIELSYSIRTH DR COMPYUIGH R LA, RIRY ‘H&éﬁ%ﬂ%ﬁﬁ’g‘ IR SOMPHIRL are
readable storage medium and a computer program mechanism '
Srrsstdatitticrein (ably eorapBregrodraremechanism for processing a
heterozygous HpHhBUGIE G AGHChr amMaieanam, oM & elR5a¥gRS ssing an

nucleic acid sample having a plurality of substantially simultaneous traces,
tHEUEBRSsUcishoranindenRbrssch MRS Exeeiitabir Insthidas R for:
identifyingha nfirgiodeal e fistdeana o said Riadiyeat draceshabis in the
substantially overlapping.a second peak in a second trace in said plurality
LS SRR U R o e pri b i R ecsesiini pskics
thareby indicating:hdteramegosiydnthpehiterpzigaus: ispuidiualeie deid

%Wﬂ?ﬂ?%‘%? ) Quiputting said firstpeak fo,a firstout i b

epresentation of salda'neterozyg%us nucleic acid sample and said'second
p@fakﬁt'tb a’tge‘wddlamtisljtlhrb:rﬁwjﬂgﬁ_uélrptpreselntatiohi ofsaidheterodygous
NHARICACIL BRI NS TR G kS &mya'ﬁ@%@ﬁyﬁq AR, [ERIERIBUON
and said second output homozygous representation are outputted oFare
dispigiedabOne dmbpeiinarbeptisetvertiorprovibe i compandr(ii) a

REQSFATMRAQAHCE £OT SRk FRMIN DEHRN VY& RATRRMIET S¥SIEMLr S peaks
computer prograr?ﬂproduct comprises a computer readable storage
P

MeBRFE SR R Eo Ly RS HPRIE R ARIBH e iBadis o sHatdiAMPRRNOUS
computer program mechanism is capable of processing an input nucleic
acid chromatogram having a plurality of substantially simultaneous traces.
The computer program mechanism comprises instructions for marking
(A), for each of one or more peaks in a first trace in the plurality of traces,
a datapoint having a maximum value in the peak. The computer program
mechanism further comprises instructions for marking (B), for each of one
or more peaks in a second trace in the plurality of traces, a datapoint
having a maximum value of the peak. The computer program mechanism
further comprises instructions for identifying a coordinate in the input
nucleic acid chromatogram that is within an overlap threshold number of
datapoints of (i) a first datapoint having a maximal value in a first peak in
the one or more peaks in

Ta



the first trace and (ii) a second datapoint having a maximum value in a
second peak in the one or more peaks in the second trace. The computer
program mechanism further comprises instructions for outputting a
representation of the first peak to a first output source and a
representation of the second peak to a second output source. 9a In

rdance with a third.aspect of the present inventjon , there is provided
R G S R R e
refieseRiatts Gy akh sdrotreatirdimenty dousy eiiapeic abicl ambler sdoeimgan pharality
aohabalantialle RMIRRE oS i 568 N6 SOMBIIALSYRIR Somprising: a
central processing unit; a memory, coupled to the central processing unit,
DHTROREERTISF SRR Baid heterozygous input nucleic acid chromatogram:

and alpregiaemekkiie Sad RIYRMMNOSHS {QQHEQ{W?S@E}E?&L‘E%

[ tians for: identjfying a first peak in a first trace in said plurality o
o IE Aot b b B pOBR TSR ce in
tizafdsplutaiityohomoess thesalstantialiohe sapaf therfirabpeadaand the

areentarale i dediainehsielonarsin i, esieaayoous ot
nucleic acid chromatogram; an output Ing salé‘ﬁrs peaPk PO a nrst ou put
Frforepsigeia rddtéde fnamisnlotenritreronyybesthwelisinacithsample

fRamsiaisaReoBAReRK AR iSRE QRS AN OMOZXI0US [E0IGSERalon Of

said heterozygous nucleic acid sample wherein said first outptt
S eSS CORP S A OB RO B2y e

prepeegabtatiosha e Audn dich orieretdisplaye dulitmemiwdinment of the
rin}/ggtit%{} rov&c{gs a comgt%erﬁ?J stem for processing an input nucleic
Cid e mATSgT A Aaving B B RIS SR AR ous
etphodisadhis, mmsmwmmmmm@mm@mmmmm tha
SRR AaURel QD caiial RAGeRIg IO, Hhe Mheond sfores an
input nucleic acid chromatogram-and a program mogule. The program
datragints éb?ﬁﬁﬂ?§é§%fbﬂ*ﬁ@-tions for marking (A), for each of one or more
peaksingfirshiasminsaidalualyRivasase a4 91?@%%'&9{ baxlng 3
ur

maximym value in said peak. The program module { er_comprises
PRRK AR SRS I AdRRRg @b foremd Peron & 6rtAR dren geheshividraiccond

vitagahdrfithg @ik calithobétase ped datapeini-havingie: Makinps value of the
rises instructions for identifying a

eak. The program. moduyle further com
R R AL TSI S AP ISIB GRS Hh PR A
S@V@Q@gah}eﬁmhiioid!mbewdhqlataqdemtﬁ.@fox(ijtéeﬁm.dah_ap@ﬂa having a
AMeh A BHCIRRAL NHRQNALHIOF,PRAKS. hedistlage
and (i) a second datapoint having a maximum value fna g8cond peak in

dateanieo bibarsrendaias in sisetadbantthgdeld tisiprolpathatiod prekfanther
HRUTHRKG AC IO SHHCoNE Qb %B%@Qﬁ(ﬁ&iﬁ%eﬁ%@%p%@ﬁ%ﬁ&ﬁ%ﬁak

to a first output source and a representation of the second peak to a
theSE6 QBRI RERORHEAECRAWBdiment of the invention provides a

compuiedoprogtmaipregidhe input nucleic acid chromatogram represents 2

nucleic acid sequence from a heterozygous nucleic acid 'sample and the method

further comprises scanning the input nucleic chromatogram for a point of insertion or
deletion in the heterozygous nucleic acid sample. When a point of insertion or
deletion is found, all regions after the insertion or deletion are written to both the first
output homogenous representation and the second output homogenous representation.
In some instances, the scanning for an insertion or deletion: comprises counting a
number of peaks that occur in the plurality of traces after a given coordinate. When

the number of peaks exceeds an insertion/deletion threshold number, the coordinate is
g



for use in conjunction with a computer system. The computer program
product comprises a computer readable storage medium and a computer
program mechanism embedded therein. The computer program
mechanism processes an input nucleic acid chromatogram having a
plurality of traces. The computer program mechanism comprises a trace
split routine. The trace split routine comprises instructions for outputting

the first peak from a first trace in the input nucleic acid chromatogram to a
FSICERMBEL HoRSOR RS FEprssloratol shend sH MG RAIR O QURRE 914
seoqrid. liagehia dhedaptitablamatogan &liaidatapeint that cosesprAds 25

to the first peak, to a second oufput homogenous representation. |n some
QAR50 SAUTFT R CAAUSRENUTD HE L SUAI e o 75

cootdirate in the input nucleic acid chromatogram is within an overlap
threshold number of(gatglﬂglrats of gfté]%l(risitug?tapomt haV|n‘;gl}£z:ira aximal value

. “In some emb n 1€ e t COMPprises INg 4 CoOITHnNon
in the first peak an (lu a second apomﬁ%avm& 8 aximumevalie In

theakdvohly paakpmdomel @n@lﬁs@irﬁ@rﬂmtthlelomm@drwefshmldgmmm hed, igrior
%tmﬁmgtg %t,@}%” AR REveE falapinfk; %R&ﬁﬁg%ﬁe PReRRIRTIRN

OF THE DRAWINGS FIG. 1 illustrates a computer system for detecting
ANECEH ket thetaropygosiny micfielele sewesatinshventiadhsgeinmon

geeRraRITte iWith ene-e mbasdimenhafi b o e SR NURIHIL B, FAGSHiIdA R e
illustrate the processing steps for detecting and characterizing

YDA GBIt Gt et SubierEE rahgY Y desbraantliaer sher 2
gmbipdioTant ptakienpiespptinientioncid i Snillusirate siHiane SaqUaReRe
d]abt%bsé[%t Ires th?t are g eited jnoalfgordance th[h o_ng errI]bodiment of
D g ey oA AL PR RS 2 A two
exelmplarnbotho gendiig ceprasentdtionsitheg aledreatedibaséd wgamtheint

nPikchiemaleora ueig e msihads 8 NS RESENLINEDTN FIGs fie
illustrates an input chromatogram and tw exemplérycho genous
répirestniatibasama areweatet b st duponahdsinphe dtrotmatagranin some

Ysipghibe m&&@&@%e%ﬁhgggfﬁm&x%ﬂgm.'6‘9a;§diEH?:E&@(S% ‘rmﬁome

application that uses the processing steps of Fig. 2 to validate the
d8YARrEHR O E foRIE TR e SE. bf interest. Fig. 7 illustrates the exon

structung eédamact 880eHEMblakheRaghvesHERh DAY LRRSESRBES Brovided a

exon, and the short horizontal lines at the bottom indicate genomic
FEUTBHECEBUSEE B I0ETR BRipFrEOH e Bdher Rt i e rdicto
cormpapondingpasisdbcovghputiheasevesalevienminb e sk awifgsm and a
DETAILED DESCRIPTION OF THE INVENTION .
computer program mechanism embedded therein, the computer program mechanism
for processing a heterozygous input nucleic acid chromatogram from a heterozygous
nucleic acid sample having a plurality of substantially simultaneous traces, the
computer program mechanism comprising executable instructions for: identifying a
first peak i a first trace in said plurality of traces that is substantially overlapping a
second peak in a second trace in said plurality of traces, the substantial overlap of the
first peak and the second peak thereby indicating heterozygosity in the heterozygous
input nucleic acid chromatogram; and outputting said first peak to a first output
I'xomoiygous representation of said heterozygous nucleic acid sample and said second
peak to a second output homozygous representation of said heterozygous nucleic acid

sample wherein said first output homozygous representation and said second output

homozygous representation are outputted or are displayed.
9



COMPUTER PROGRAM LISTING APPENDIX A Computer Program

Listing has been appended as pages 37 to 66 in the 11 present

application. The size of the Computer Program Listing Appendix, the date

of creation, the time of creation, and the file name is found in Table 1

below. In Table 1, the size of the file, in bytes, is provided in column one.

Columns two and three respectively represent the date and time of file

creation while the fourth column represents the name of the file. Table 1.

Contents,of t ter Program Listin endix Size Date of Tim

Fie Na e A S s e ror e

TRE@mpite Moy ramitistingsigppehtibedispldsepr iy Tabpecpene thgises a

C&!?%’M&QE&HQJH%MH@% H%QE@JH%QJQ%&W}J&}F&W XiW}%%E@lgﬁ?st%de%edded

reference in its entirety. The present invention'is directed toward

AESrHatMBCtHE B BRI BHGEHENY Hermmdygdnsonesisie aiciaput nucleic

SeGUeRncAaMAGTANS phuie RASEELEYHAN dSusari inigrrEeSiuch

chromatograms. For each input heterozygous chromatogram, two ouép;;ljtr one
bRl

HOMRBYEhBRE P rasEhtatighs Are tisdtet U A Ras &% WRENE A Adulsted
i9r faundpiithéniaplitahiomatogisittaite Sysiemsangametdadsif Baximum
Rresent itr%\ée)r)‘%ipn,r lace one of the peaks in the first homogenous .
represen{at O and the  SHEB A PR Th e LB S g s mstructions
répresentatidh, orttishveynrhamogenpud sepresentations: (elbe, flity of
*IPz{Pe%,ZX%‘Bt’@&ﬂ{%ﬂ‘v‘i‘ﬁ%gc{%%%ﬁﬁ&%v% IR OPARNGER STHE SOTHAS Rogran
automa_tlcaf created for eac mputqhomozyg us chromafoBram withou
rieedhdoisthdmidarsubjectve itenprietation idEhtsy tesmethdidstofitities input

RY, @ﬁ@ﬁtdaﬁ%?%ag)%m“ﬁﬁlu {DRRGRSE J0G B TIGIRRGY IR, WGP o ¢ datagoi ts of

polymorphisms can be detected in heterozygous nucleic acid tracings. As
Jich R ArrABG ST RS presstt ijantion Tshreotide thpplieabimyrinpeaks in
several flletdsinaUe) ASedon LxanNRin: RAYRROrRISI LHISCRYETY 48 QoMK in

nucleotide polymorphism discovery), association analysis, diagnostics,
AR5 R BB RO e Gt 1096 BERHERE WY s et g
polyprorphismsciihateroaygaus: Rue|Rieacidi s AN ERCe SNFRRAQOIRAN Sutput
System 1 ap}r_lef%rgb{_l t.incl , ﬁS: a cgntrefl_ Prpcessi g unit 22;: 12 a main
non-volatlé storage unit 30, 16" ExAn P& RAFHIER rPa! f8F Storing
software and data, the storage unit 30 optionally controlled by storage
controller 28; a system memory 24, preferably high speed random-access

memory
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(RAM), for storing system control programs, data, and application
programs, including programs and data loaded from non-volatile storage
unit 28; system memory 24 may also include read-only memory (ROM);
a user interface 26, including one or more input devices (e.g., keyboard 8,
mouse 36) and a display 38 or other output device; optionally, a network
interface card 39 for connecting to any wired or wireless communication
network and/or to a sequencer (not shown); and an internal bus 34 for
interconnecting the aforementioned elements of the system. Operation of
system ILG:isedntkelledptithad Iwbgcopbﬂadimmtﬁmﬂt@;mhi@m is provided a
eb)g)ﬂgl:ug cF qs)y CenFaI (';ggqestssm {1@”0272 O eratl[wguc s:[le'l(,lﬂ i ¢h om&l?(} rain
stored in ystem m mory 2710 p}(ga emen ation, system memory
Zlmmcﬂmozcvgemanmgl @'ystemszi@rp 1ﬁ|é€ezysgmi¢2afny c@atarlmmgeabcess to
(o e and 08, SHUCLER SR RS PLERANEINMERUR A1
Split-trace main module 45 for splitting a Heteroz ygous in
cRESHBtogTRTA 6°iHtD 1wid Hanns2yy basroLthet mepresetieaiiensaid.g.,
QR QSHRMB R A AN RABHERRAGHMEN 2 Plits %%mm LMOdle Haram

reads in input chromatogram 46 and splits it into _output homogenous

rB)SFELe RIS YR e e s eliRR SOl éﬁatﬁze)z adiy Peveln mBtridease

afthedyresentipraationhin geneiakiNANagMeNs AecaReREWILR second
fluorescen ﬂéég(e and the four different nucleotldes are labeled with four

diftern Yyl T HE S 1RsETe DA AR ENES WP bUs U iroftigiridhe second

qapllanyvityiiediciuapdsaent, m@gfcm mﬁa&h&f@w«eﬁﬁmﬂgﬂaml ang
Q]eE Lar n%‘o[me Clt‘l gl resgce { af gac tl{ne{cotordlnate along the
cap ary e Wi bé fouruifterer fiheorg"egcen s@‘r]\é'ré(g ¢78ach read
geprespuniding foahbeofrtire fous pedsibleiluckeptides! Seiisydopiipeak Lo a
es four ar ff nal reads (traces
ST bR S A DN (D
whiereleseid ﬁé‘é@“UN@UETWT@B@@S@?RS@@!@HWﬂwﬁbwcbmmeﬂu1’PUi

HGIROUESS (@9@3&%&4%@&%%%% @ﬁﬁa@l@) In the embodiment
INnCc

illustrated in Fig. 1, split_trace main module 4 udes a number of
subroufiiE<(RFHBEILIEE DT HESBISIRHOALTE S RRERIES CXicHbEs PABRRSNS

%6, MHIChUREADS Ba6hrohi@cem M Batinddr 214818y BNELHRA@NY dRiaresss
the hgga% positions and peak spacing in each of these traces. Traces 48
’e

ief o HJPQHA?‘O%Y‘*&‘A&M R SN ARG el R ol S48k SReRory
datapeint hachitracerbypicallyunit. The memory stores an input nucleic acid

chromatogram and a program module. The program module comprises instructions for
marking (A}, for each of one or more peaks in a first trace in said plurality of traces, a
datapoint having a maximum value in said peak. The program module further
comprises instructions for marking (B), for each of one or more peaks in a second trace
in the plurality of traces, a datapoint having a maximum value of the peak. The
program module further comprises instructions for identifying a coordinate in the input
nucleic acid chromatogram that is within an overlap threshold number of datapoints of
(i) a first datapoint having a maximal value in a first peak in the one or more peaks in
the first trace and (ii} a second datapoint having a maximum value in a second peak in

the one or more peaks in the second trace. The program module further comprises
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consists of several thousand datapoints.. For each trace 48, there is a
corresponding trace status data structure 50 which stores a status value
for each datapoint in the trace represented by the data structure.
Split_trace main module 44 further includes mark_valid_peak range
routine 62 for (i) evaluating the quality of the four traces in input
chromatogram 46, (ii) marking the initial datapoint in these traces that
denotes the start of acceptable data, af (iii markln he final datapoint
R PAdEb AT GRS HE KR bP AL DRSS 2 SR R and
mmelmesématwﬂm“nimiudesi eKile sautineimaguleddder building the
common ‘?F‘é I if)oer: ﬁ%?kls in eacth scan uch§rofll?s are used, q [
examplé. {0 Tecons I’UC]If & OBV AISEd TEURE S SR BT ok
rfiissirwgit cenior mVenaptWEthmmgm@ms@lpealks Splitttraqeognain pmstiate
A AIRS nehuderdaleya ackoraund PaRk. LOMING.PR I0r ARIGUAINAL,
verage background in input traces 48 as well ag trace 6It routine
f@smmwg %@t%@Mwusmtpumm@@ehmuglremwmamnst(@gciem
chiamHQEERRRAY AR PREAIEIGT flleS I RIRS 8MAIDOGH QR oG fism

heterozygous input chromatogram 46 into two output homozygous

(EPPESSRTAIGHES (8. Tt dif Rt BRI ARG SBY PiscadBEF Bt With

anexemplary mepesiment sfitberprrsanhivgatinmIwilorIdaaaHiRRG M tw a
e embodiment of the present mventlon the steps depicted in Fig. 2 are

32& PR B P S R B AR S Yo R BN S A eeond
routinesheatipa byronodofeaddaSteptdQdnd thstepr28aonipub dhy oimaiegkam a
put chromato ram 46 can. be read fr uencer hat
IR T R S
rﬁmﬂpfbsm thhe ﬁa%esaExétmp*arws@qu’@noem inpltideichut arel not
limitechio e SeAuenear isteg mr@% A, lléaigﬁgigtgo%mpﬁ?gpomt

DNA sequencers Company Model Applied Biosystems (ABI, Nor

é*?301g3‘7@@3@’[§l{|)ﬂ?l&éﬁaw%@rf CopfigcticLith KBlePmIELa100 enetie

Analyzen 3100iAvaniCarillan: DNAGRAUERGE f.ﬂegﬁnﬁyae&ﬁzm [8¥old
DNA Sequencer/Genaotype /ABI PRISM 377 DNA Sequencer ABI 3700
BNW@é&L?SW&%W‘A%ﬁ@W&H&%W&F& JidteeHppsala, MegaBACE
500, 1000 and 4000; ALF Sweden) DNA Sequencer Beckman Coulter,
Inc. (Fullerton, CEQ 8000, 8800, 2000XL DNA
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California) Sequencer system Input chromatogram 46 is in any kind of
data format that provides chromatogram trace amplitudes. Typically, input
chromatogram 46 comprises trace amplitudes, the base calls, their
confidence values, and optional textual data about the particular
sequencing experiment such as its chemistry, sequencing machine type

' iti A n textual data associated with
%Wﬁ%%sgﬁ%éﬁwﬁgﬂonal Center for Biotechnology
Information trace repository (http://www.ncbi.nlm.nih.gov/Traces). In one
embodi t:ri r ' e file,such as a trace file
in the %@ﬁg%ﬂﬁgﬁ%ﬁ%ﬁ%@%ﬁﬁ@%@%ﬁ%e J%P%’;?%t?ﬁéa%rmat, see
heerRrrRAl T ReFiR AR HaBCce DIjRET Hrermpdiny RihoData Bidsamsas!
thepARdnBRISNLES 77 DNA Sequencer,” Clark Tibbetts,
www-2.c2.cmu.edu/afs/cs/ project/www/Papers,clark.html. In some
embodiments, input chromatogram 46 is in the SCF format. SCF
formatfdci3iles cinitistthe Hatacesdangiogiss foading aicincbsecis race

Ints, J lled.sequence, the positions of the bases relative to
T S s 0 e e i
haseesTridmsatiofile format is machine-independent, and a version of this
file format is described in Dear and Staden, 1992, DNA Sequence
3:107-110. 15 In some embodiments, input chromatogram 46 is in the
ZTR chHhrolSeariRaTats FRatctces A foTE RiRsh kel 6FF sTeated I FrReditatormat,
wik Gerfitlddaha, A rdieipicArids Res. 23:4992-99. In some
embodiments, input chromatogram 46 is an ALF formatted file. ALF is a
file format developed by Amersham Pharmacia Biotech (Uppsala,
Sweddrijicr itiotingssaquancbrinfatoppdianitomeequpneeisoiiagasdiess

Ifig file for f.input chromatogram 46, each of the fou
e R S B ki Ghoas
etthe pirseptagvantien-2, 48-3, and 48-4 (Fig. 1). At a minimum, a trace 48
includes a series of datapoints and an amplitude for each datapoint.
Ideally, each base in a subject nucleic acid (the nucleic acid that is being
sequebLe) o AP I uTHiIe tR AR T A SRl s heme gsoeuraces.
Deptepeintivin Bachaiiindends dhoAthe idfidhanthBrda8ins il Rethods
G %%Sé)rggleg}tqnt@e%ggpresent the same base position in a subject nucleic
acid sequence. For ‘each datapoint in a given trace 48, there is an
indication of the intensity of the dye that corresponds to the given trace
48 at tHagbditisinatenesenited dntiihe:sdatbppintedsinkheapppeFipahel of Fig.
SuRARDRIARSAIRPEAGES, iy 0048 2 gl ten cormresponding
datapoints and their respective intensity values. Each row in the upper
panel of Fig. 3A can be considered a datapoint or coordinate of input
chromataraii.dfxYRICA 1R CRRESTWRIE LASTANPRIC BIEIGlERgd IS
le)!c:r r%;rar(é)serrll?s an exon, and the short horizontal lines at the bottom indicate genomic

regions covered by PCR amplification.

Like reference numerals refer to corresponding parts throughout the several

views of the drawings.
DETAILED DESCRIPTION OF THE INVENTION

COMPUTER PROGRAM LISTING APPENDIX

A Computer Program Listing has been appended as pages 37 to 66 in the

11



heterozygous, or (ii) is heterozygous but has been taken from an
organism in which the corresponding maternal and paternal
chromosomes are identical, only one of the four corresponding datapoints
in the traces will register as a "peak”. However, as illustrated by datapoint
number 6 in the upper panel of Fig. 3; in cases where heterozygous DNA

hashegplReqouetedihartiwil hepdaiapointsral whishiendix, the date of
maternally-derived and paternally-derived chrgma e do not have the
T B RS R S o
tresdatdpbirfileeprbsentingraviibdiismbnchech b S upais. troakdmple,
1%95‘&'@%5 he.cass inuhic %g%igpﬁqn hU{nan yomosome 3.is being
sequencgdspln the cgse OFII]iueterozygoeucsr%llif)&1 ggﬁ%ﬁ%gﬁ% %Otzl)%%%le for
RHsTREN Baseppafttbaiieo on the maternally-derived chromosome 3 to
have the base "G" while the corresponding base position on the
paternally-derived chromosome 3 has the base "C". When the base
e o heace

tha o UG

% register a p

. In chromatografird®@of Fig. 4, posttitrea2ida (box 408) includes a 16
Wiy BEHERG 2 show

ow such double peaks can be resolved and split into homozygous

"daughts CerBHsaisg R snE Arparim distesebinBiite d. enddhe
RutemInd dasitEBokihe IRASMRNTPLRUNSEINELPHRAR e in its
interpretation. Step 204. In step 204, each of the four traces 48 is scanned

ﬁ%"scan trace module 56. Scan trace module 56 includes two routines,
peak size routine 58 and is_peak routine 60. Peak-size routine 58 helps
deterritreptheerhostectmnscir@éakospat mgom aaghief iraees 8. Routine

: ' ' . luati ach datapoint in.a trace 48 to

e Aasl ke U TR R L R R
lwﬁsﬂéﬁ_ wERERindh deareeoas s ther seginning istageakystientmgrentine
%%@%ﬁ&ﬁ@@d&%@lgﬁ%@%&ﬁ? RLeiBuibe 9?@4@&%@?&%8{1%?@539& is

datapoints is recorde the corresponding trace status data structure 50
frupraadeimghehtrmatogsmUppersiaerstmhalarihassan Bomteaces
pldbclonndf4e Deakpaaih SRANRIID stho SatapeleltReaing AAAUARAINLL in

umber %r. Peak size routine 58 detects this peak, counts the number

B eSO IR TR EARC A8 3 T8 WA PO Rk CHRFESTRtBHE Pace
(%IW@M@@DWWWM?M@?E&%@@@W}&@@p% (trace
status.arrays 50-1 and 50-2, respective t the data element
e e R R e RSB b e Four
hireame sy euiveciarpeiit spdting tie metivdsada4dissentisegiently used by
j i 1 acterize trace 48 and
PR SR Gt

helesetsgows detirinimityjseiakspacngnithpeathods of the present invention

have wide applicability in several fields, such as, for example, polymorphism
discovery (e.g., single nucleotide polymorphism discovery), association analysis,

diagnostics, and forensics.

FIG. 1 shows a system 10 for detecting and characterizing polymorphisms in
heterozygous nucleic acid sequence chromatograms. System 10 preferably includes: a

e central processing unit 22;
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routine 60 is directed to precisely identifying the maximum value of each
peak, i.e. the peak position or amplitude. Is_peak routine 60 evaluates
each datapoint in each of the four traces 48. For each such datapoint,
is_peak routine 60 determines if the datapoint is the maximum value of a
peak. If so, is_peak routine 60 assigns the datapoint the status
"TRACE_STATUS_PEAK." Otherwise, is_peak routine 60 assigns the
datapoint éheastatisnobRAGH e 8dAddiBitNG) THNGmAgamrthasiree, for

panel of Fig. 3 illustrates. In Fig.,3, is, peak routine 60 has assigned
Catapornt in SO At A L HoR DR, PR AR ARH Ui B
is equivalent sorFRAGEBFTABIS NOTHING, if the datapoint is not a
peak. Further, js _peak routine,60 has igned the peak that occurs at
datapoint 6 in&tS cersnféqlf%rr‘{ éé’l-’éjrf ﬁ%&? \gaﬁgqeglga‘?%vohr?c Cfseséélllff%@'nt
to "TRACE SBARUS PEfxingivstandesigobpiogsarasedase driolapplitdtiace
main module,dd SUDRRAKEH! PRGERYAIENSLZIEN 208 IR AG5RE
produced by typical sequencers, the quality of the datapoints at the
beginning antitFEHEbI$hEy FERaRE Ypichmanclse iagide TRk oMy step
206, mark_valignpeplr cangie routine 62 marks the initial point in a given

trace 48 where reliable data begins and the final point in the given trace
48 where teliaBRs {5 arRi<0| HEYHiRZAD SEIfRMERgPUt devices (e.g., keyboard

mark_valid_peaoiange) eutingi§findsthaneesinpingeofthe valid peak
range of a given trace by automatically ignorigg< an initial predetermined

number of dtBRBMAHY(ETENRE HFARIE SRIBEXSGhIPRPELES, t15aH wired or

routine 62 loaksdesdherfaNtREob TARIHPRAKNUMaRRKIS arsunalter:
the initial predetermined number of datapoints have been discarded. For

example, if IGNORE-DATA-INDEX is fifty and _
IGNORE-8 T ARt BfnAi Hnly BMFis ih@erearandctivglithepFatentanie: 60 eline-Hi2 of
discards the lest fifty datapoints and then looks for the tenth peak to
occur after the Tirst nI‘Ri datapoints are discarded. Routine 62 identifies
peaks Byeiatikingffey sthe TIRAGET S TNTUSIPERKS reesigp atisenirttheshich

g%ggeeféatsyt@ﬁﬁaatatggegm ﬁ}ﬁfaw%ogu a 's{*e%wgabn%%%t%w%h

esignatioris were made byis_peak routine 6071 processing step
BISER IEROTHIGA AT BERH iTspsife oG NORE mEnd 2ABEXEsind
peaks (IGNO%%@%‘&%%E(_NUM) that are discarded can be user
defined. In one example, between zero and 300 initial datapoints are

discardectantilpeywieani frcosmiiing prears tardeiseimaciien andidatto
mark the valiglpeakstatkdh SHead LUrReHiolenify the last peak in the

valid peak range works much the same way as the process used to

identify the it Vifiee gear mogusrtdrnsabHing amistar omsteonsiinput
datapoints in@asRa6aMkaA I8 HASHRMINGRACRINIS RERKS fgm

the terminal end of each scan (excluding the terminal ignored peaks) until
a predetermiAEGRARTEIB Fenfed FERORRECERE): PEAK_NUM) have

been gisraraee =0k insianee4 irdheisasemderenmiENRREQA ApIMREX 0
é%tgﬁt%’ h%rrgjogenous representations (e.g., chromatograms 52A and 52B) using novel
methods of the present invention, In general, DNA fragments are labeled with
fluorescent dye, and the four different nucleotides are labeled with four different dyes.
- These labeled DNA fragments are passed through a capillary while a fluorescent
detector reads the fluorescent signal along the capillary for each fluorescent dye: at
each time coordinate along the capillary, there will be four different fluorescent signal
reads, each read corresponding to one of the four possible nucleotides. Thus, input

chromatogram 46 includes four arrays of fluorescent signal reads (traces), namely
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IGNORE_END_PEAK_NUM is ten, the last fifty datapoints are ignored
and then the tenth peak from the end of the scan, excluding the last fifty
datapoints, is designated as the terminal end of the valid data range. The
terminal number of datapoints (IGNORE-DATA-INDEX) and peaks
(IGNORE END_PEAK_NUM) that are discarded in order to find the end

f the,valid,range of a given trace 58 can be user defined. In one
e BTG L iS00 T Setah e Ehcgecran e
betyedn BaecRS dinal fibaksuam sistardethinioss eriooeme thgene of
v@{gsg%a%lggﬁ% Step 208. In step 208 profile routine 64 first determines
the most ommg)'n peak spacing for the peaks found in the four traces 48.
Here, the terptintod slenp dbasttioh éaRigtHe splimbecohdat apainls 4h adAnddna
BRRK: dushimUtstaaabalels ARI IR R asL comman,, .
peak spacing for the peaks of traces 48. This Is accomp ishe using e

inforrhatibrraRs et e idaeestBichuf8 2668 Rewadl 4Ret dndstefrraduesgbakssie

ressinenb gl entifighihe ReakorRASHIS AL SACRRAK IR Hakes ﬂ?»l@ﬂﬁity of
ggced this Qformatlo_n at the start of each such peak in the corresponding

RO FRALAL MBS Belne Soe sashgughdaanninh Jiarlky thrsrrpigatyis

eviswedfteidentifiydhedaeshbeaiRMPorRAak SRAUNIHISR N orresponding

mbodiments, peaks that are less than a minimum peak space (e.g., 10
e R PRS0 A ARG e o, et egace
aeprigeuialbwibenige tarmining Spditnest-camimacdkakispasidndinges

f findi t eak spacing is so that a profile with
L O R ar R R
SBEeGientiqmene46iil) srepdng tesuitahiatginpicipdaks trecentisticéactes
irdevbleasalidaaohdayinelanmueiiom e medehprofle, Those
of skill in the art will appreciate’that there are many ditteren ways 0

eVeRsIoeRd Ab aRicpiable sl eSplifd trar s wetin methbel 4 efie thetHime thdes

peopR Rie: RIGSRIINYSNSian aRe-sMRRHIRERL SARNBERk NG fRUr

traces 58 havggg a peak spacing that is the most common spacing is
S8 a GREPBIGEIAR o Hin [T RGURP Se M BTORTE R Binkertirneiel everhrime
F}ﬁmﬁ_ﬂsgaﬁks theompesingidach @Jé@@ﬂﬁﬁkﬁé@?&ﬁ%@%@ﬁ@ %Hﬁ?ﬁ%ﬁeﬂﬂ
aving t ommaqn peak spacing. In some embodiments, this
%aﬁp%gﬁg?g%m{z% %%fstﬁé\%{'iﬁﬁge E?i‘%ﬁ%iﬂ?%—fﬁ&t%ﬁé&&e peak
balmbingibesveheebmdgraaldéndnhe datensigyayalel otthe gatapaintdss
oSl having the maximum value. Alternatives tq such a
e ST ORI RO AR B3 e
e?fbaeirheRls, the most common peak spacing for each trace 48 is

indepepge i He i loped for each of the four
races 18 P o Ay S R SRS o

BB th BIROSY Bt FeBIsjsatatiossdeing chionzdtagfanpbak spdditis in
ibas e dightasaliesaySligbtyiaaes e Mot Eommen peak

Spacjgg In some embodiments, a check is made to ensure that a
escribed. In one embodiment of the present invention, the steps depicted in Fig. 2

are performed by split_trace main module 44 in conjunction with various routines
called by module 44,

Step 202. In step 202, input chromatogram 46 is read, Input chromatogram
46 can be read from any sequencer that uses four different color dyes or fluorescent’
tags to distinguish between the four possible bases. Exemplary sequencers include

but are not limited to the sequencers listed in Table 2 below.
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peak that is selected for profiling is not overlapped with other peaks and
that the peak is not a double peak before it is used to profile a peak. That
is, a peak is selected for 19 profiling only in the case where the
corresponding datapoints in each of the other traces 48 are not peaks
themselves. Step 210. In step 210, the average background for peaks in
input chromatogram 46 is'determined. This is done using the following
él"gbhqthnﬁxm@lﬁoy @abh s;tqtamoml in the valld range of datapomts { 102

TSAGHOAT ground count andEtncrement the naber peaksm the count
by one} }} 108 average background count by the number of peaks
contributing to the background count Essehtiaiignisisoalgrsitiin Avetksepy
identifying the datapoints that have been labeled TRACE-STATUS-PEAK
(PE) in step 204 above (lines 100 and 1820vihiant Saphlarydahbpotqutest /
datapoint) is found in one of the traces 48{HA®A04), it is compared to the
corresponding peak in each of the remaining. traces. If the test datapoint
has a value that is less than that of one(%‘\ﬂﬁtl@"?f p‘?t‘}ﬂﬁﬁ’?ﬁeffeﬁl@%%
assumption is made that the peak is ba Iﬁlgglge is added to
the average background count (line 106). In some embo |merﬂs The test

datapoint must have a value that is less sthas7tiepyRe Qfafkefresponding
peak multiplied by the MIN-OVERLAP-PEAK-RATIO, in other words: test

%ﬁ?&%?ﬁ&%&%?ﬁt&%&ﬁ&%‘é ot :
dgpl)/ERLAP RATIO) w chEN A§E S%)A]H%) 4000 ALF
minimum ratio between the maximum values of two overlapplng peaks

at is ne d to in o to consider the eaks to be overlapping as
@ aptkm é@ﬁ&?&o&’le of the p Q%@A‘and
the o‘t’f't%r peak is the base signal. In so 8%8’6????&’??5 the

overlapping peaks in input chromatogram 46, they will be treated as
mitegriensthasiér sy kind of data format that provides chromatogram

trace amplitudes. Typically, input chromatogram 46 comprises trace amplitudes, the
base calls, their confidence values, and .optionai textual data about the particular
sequencing experiment such as its chemistry, sequencing machine type and operating
conditions. A list of common textual data associated with individual trace files is
provided at the National Center for Biotechnology Information trace repository
(http://www.ncbinlm.nih.gov/Traces).

In one embodiment, input chromatogram is an ABI trace file, such as a trace
file in the ABI 377 file format. Fora description of the ABI 377 file format, see
“Raw Data File Formats, and the Digttal and Analog Raw Data Streams of the ARI
PRISM 377 DNA Sequencer,” Clark Tibbetts, www-2.c2.cmu.edw/afs/cs/
project/www/Papers,clark.html. In some embodiments, input chromatogram 46 is in
the SCF format. SCF formatted files contain the data for a single reading and include
its trace sample points, its called sequence, the positions of the bases relative to the
trace sample points, and numerical estimates of the accuracy of each base. The SCF
file format is machine-independent, and a version of this file format is described in
Dear and Staden, 1992, DNA Sequence 3:107-110.
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peak has a maximum value that is at least sixty percent of the maximum
value of the larger peak. Otherwise, if this condition is not met, the
smaller peak is counted as background in accordance with the algorithm
set forth in lines 102 through 108 above. The algorithm repeats for each
datapoint in the allowed range of datapoints. Then, the average
background count is divided by the number of background peaks
contrib iR THAEIEG BB QaR 46 iididhn & B ermapressed file

baxekgraesdees Mfoeldgoih seRB e BRIBRIIBISNIS sstaR 240 ds Perfauned by
outine 66, Step 212, In step 212, trace data

e R e e e

whertbatdtedtilvo ALIS fofiie StuciudesdegialdyapeakhuiiPRarmacia Biotech

-QV P-REAK-GAP of the cqordinate. In other words, an
O S e e SR SRR RBE e along the
capillafeetfiessed tengerifin fiofemsampinpet shiatstserancapibacy)ofthe
Reakis delesisdn.atdeast ofthe fou fluorescent signal scans. Such
a coordinate is a candidate Tor ove?lap %r%vﬁgﬁ%?¥ﬁ %8nu19é0§ran Sglur%%%,

A%ilst Bak i’ et 8chifis donditarainoveniap tedeifind sisarmjpsai in
540N SRR B ARRULE RIPMBIagLAL ‘iﬁa%@f,%&ﬁ%&@@ﬁl%tgﬁ 0GR eic

maximum value in the first peak is within a threshold number of datapoints
6@@%&%&\5&&%&%?@%&%& AFAHFRGRI L TRPTREREd brie piale datenpiy in

weohdlst, titefp R iaceeksdeidnnili ecoerdinade A8.nuet thiemalooiam 48
thadt tlg, é/gggisn an ofyg};lap thresh%d number of datapaints of (i) a datapoint
Avi I VAT SR S AP I R R SE AR SRR SR sucifh

aving a maxima
&6 eamde(iif ar dathpbitap : bian imgy Finredianzd é 4\8atu?rh@§§eﬁ@éadgaﬁ@kﬂﬁbgmensity
I, 48 in.chr ram 46. In erred .embodiment, thi
O NSRS (el R TR e wismanohg e
frtonoinn axiteapptn esnel tHdF st andrspleond e dkcdmuastBe withifs three
gaianoj in.th {nat the capijllary of t
e e B AR Tty ook row
BriisompseRchod Bised Bakendiderethe daepmet datapulitatve input

clatapaipisaiony datapoints, between two datapoints and seven
datapqjints, ejght or more datapoints, or less than 25 datapoints.

SubsedtRfitbroGeiTy e dte sPHEnEEb ANt Fei8aREET (thast
Ireoessing, siefifossrecibaypuinbet Rivules atesatisfied Jfdhescosrdinie
t%g%gr}rggeo% .com al with aucr% rules, then the datapoint having the
maximum vaide 1 640h o1 the ﬁ}éré’@oﬁﬁ’ﬁ‘f‘?f\ﬁéﬂé‘i?@?ﬁb@ Y e of the
- PRACE:SSTATY SatQVER AP REAKwillhébR bras peplsaraivisraioty
SR seParale ut.chromatogram files 52 qr, a%t.e.rnativel 21 the
lpggltlﬁs are?gaﬁ%a%%@ggartﬁén %%%éj&?a@ ar%%ﬁr%%%rl atidh %?fg?ﬁgv B%rgks is
hormesy gousEP Hfahestimemspgnousé Sgue Gl e daspivalembbitimbats,
RRHRIES N ARNY SREMAONANLAG AR AGEERR It BUOCRRNR pase
instances of step 212 in a linear fashion, beginning at one end orthe
Ratb i lBug drepefiits ifow & agasomilinsgisier, 4 redératglsedatapoint representing
this mismatched base pair. For example, consider the case in which a region on
human chromosome 3 is being sequenced. In the case of heterozygous DNA samples,
it is possible for arbitrary base position 229 on the maternally-derived chromosome 3
to have the base “G” while the corresponding base position on the paternally-derived
chromosome 3 has the base “C”. When the base position is sequenced, both the
datapoint in the frace that represents the dye for the base “G” and the datapoint in the
trace that represents the dye for the base “C” will register a peak. This situation is
illustrated in Fig, 4. In chromatogram 402 of Fig. 4, position 229 (box 408) includes a
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if they contain an overlapping peak. When overlapping peaks are found at
a coordinate, process control passes to step 216. Step 216. In some
instances, overlapping peaks are caused artificially when the peaks in
input chromatogram 46 are too crowded. Thus, in some embodiments of
the present invention, the region around an identified pair of overlapping
peaks is checked to determine whether there are too many peaks in the

[&GiBI8. JeaR! MBI OKESH SEISBIRAINIT IS Radedan iR eher the &S rent
more ti]gan. threshold n miﬁ% of peaks in input chromatogram 46 in a
AR TR P Bl PR &-CHEP RERERaChF1d Ot BOMST R EhEle

ptstepRTR Méhbrdhedesplieinmbertiey sothrasholtatabemnefopuas 52 that
s, the overlapping peaks identified in the last instance of step 212 are
e A A S e s maincee
fapresenaionaidiwo parameters are typically used in processing step
216: (i) a window size and (ii) a maximum number of peaks that are
allowed in the window size. For example, consider the case in which the

window g &44. skyeiapaditd thec rbiin dowr aass 8 ds preakschticingebim thise

Winelnw'ss. teas dhcste Rdbs sha.sepuints.aalested in e lastinsianag
of step 212 and the three dataEiomts receding and thethree datapoints

fSUBTHAEP Wi btk Zrd FRSCRSErRiRe &2 MO GIORFBPR SR X
4pa&8gdﬁamﬁ;mﬁaaw4ﬂ1ea%am3eméd$@aﬁﬁiim%@ @giwédﬁﬁmgmhlf
the numher of peaks exceeds -Yes), then process control passes
T b e e S0 b, & RSt 55
devemciectaitidthgipenkstipdhisitegianeate RahcSepanatieg dntopdifte et the
. output hamogenaqus representations, If the,numher of peaks in the region
QiR ik bR e S S e
Wwiteberdphietia teddspoutiifer tatavinton siz eswmnad aridxientaseatiogébleace
a ' 1 i d m iments
A O R e
BadatereBighegiosshdavein npakve iy Jealocidarapdntas dricetsithia
B BRI BAR Y HRLAROIES ik, SARG GERRIIME RS count

maximum allowable number of peaks in the window applied in step 216 is
B EPEARE SHRSAPRRRY, WHAFR ARE FRRFEEY @étwgﬁﬁtt%tﬁé%gl&%

atfiverpaalsn- betwenmfivepeaks v the ReakioiBel e-HhakianPeakseiar 4
@'§sbthan 50 BE%I%S 2‘{‘ p.218. Process control passes to step 218 when a

G T T R TS e
mstates: distemBtAdimnily assddipnhefsiilie cheomatogiatniéa@dnovhisseitie
eAksats- geravder logsther s, in erdet g, prevent a faise positive
measurement, such peaks are faggedpas crowded and are no longer
consid&rétlgmraks sitheoirtien Skieslirestedric doretmihing ivns specmgitbnrtek

- ' ' .. chrom rams, 52A an

Pl e bR TR Al
therneskpestioner sreplitalp. Is_peak routine 60 evaluates each datapoint in each of

the four traces 48. For each such datapoint, is_peak routine 60 determines if the
datapoint is the maximum value of a peak. If so, is_peak routine 60 assigns the
datapoint the status “TRACE_STATUS_PEAK.” Otherwise, is_peak routine 60
assigns the datapoint the status “TRACE_STATUS_NOTHING.” Again, the upper
panel of Fig. 3 illustrates. In Fig. 3, is_peak routine 60 has assigned each datapoint in
scans 48-1, and 48-2 that is not a peak the value “NP”, which is equivalent to
TRACE_STATUS_NOTHING, if the datapoint is not a peak. Further, is peak
routine 60 has assigned the peak that occurs at datapoint 6 in traces 48-1 and 48-2 the
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below. Steps 220-224. Although DNA from each of the two chromosomes
in heterozygous DNA samples should be equal, the maximum values of
overlapping peaks are not always the same. Many factors affect
maximum peak values such as dye amount, neighboring interference,
etc. Therefore, there is some allowance for overlapping peaks to have

?i erent amplitudes. In some embodiments, the amount of allowance

1ol dEPRAYE SATVRISHEP (HERH T Th TRESE HFS AhsReq pigesions
ateancdris) ephtpiele. dihewmaternaaiischean Hod-canpials (220-Yes),

then the ratio between the first (smaller) peak and second (larger) peak
can be as small as 0.2 in one embodiment of the invention (step 222). In

some eflpadifndntsatbedhinirducad domwpile seienebandhesamalier @eak
' lete is between 0.1 and 0.95, In more prefeyr .
garlr%%{%%gegﬁ%g?% mmﬁwa“unr%] &éﬁc?vl\l/golo %e%rg(t%lrg §&34f I%’Qgtag??n& ﬁ{’lgggt s jin
B SRfaliearst walidvinsaby eatmopingipe dRanisrkoticl éeitizndiaoinplgien trace 48
= ' first apnd second peaks can only, be
e B SRR B A 3 Rl
EiboirEAtibedimsif mamklonkhipasiticangrorethiocshidiutsbakdgimubg
slene -l pempisle: i@f*&@éﬂ/&?&&éﬁéﬁ}n&&%ﬁil ﬁﬁgfﬂ'&ﬁﬂﬁa

atio is at least 0.2~ In still more

di , th ini all
B BB A P AR B P v OUE bt e ofioa FID12

atiabELiIddi6: Biepe2BIdREeNeRapPRARaakfakie satishy sanditions
Z%gafhrrgggth 2%1411ta Z%No %r 4224-I\.lot) ?en %%)ce,ss cantrol passes to step
O ere the peaks Dber 53 SABRRAS DERRIE DeHdpthingppesaaple, if

FRE0BE VT IIND B sk §ifipeand BN OREST AR THEHWKI 0UERDIS 0,
iepie ' ..Quinut chromatograms in subsequen
roc‘éi%?r%&%%épé%%%%ﬁ an e%ﬁé%%%ﬁ%rgg%%a%%ﬁﬁ&@ﬁﬁgom
e thriippeskstoearatndsn hadiyetfidty peepdintved dipindedroeasae 62
; PAS38 l@ . e apping peaks do
lggﬂgg%conditiz)r%‘z&% %u%% Zﬁéﬁﬁgﬁﬂﬁéﬂ? 2 fgges% Ig%‘%r%lcléls%e
PEROINPE §368 T RefrEIIrdiaie e Braakshaisudbptel desiguatiapping
1ReakE ) TRAGELSEATE0S QUEREAP:SPIITIRRY. Syarlanpingpeaks

R OGN o DI e BB PR QR BB AR NUMD
theiditiotiatarded dan GederetalbfndesiBnaied:aspus IRRRBE ReAksd B0 initial
B S L S st o iarch e Wodprc
pakbeo el gesigstated as overlapping. If the smaller of the two peaks
o b e AR R s
thesrane Mexiahthetpceh iovthto diemtifiidkesa)ial valid peak. A predetermined
number of terminal dafapoints in each scan are ignored. Then, routine 62 counts
peaks from the terminal end of each scan (excluding the terminal ignored peaks) until
a predetermined number of peaks (IGNORE_END_PEAK_NUM) have been
discarded. For instance, in the case where IGNORE_DATA_INDEX is fifty and
IGNORE_END_PEAK NUM is ten, the last fifty datapoints are ignored and then the
tenth peak from the end of the scan, excluding the last fifty datapoints, is designated
as the terminal end of the valid data range. The terminal number of datapoints
(IGNORE_DATA_INDEX) and peaks (IGNORE_END_PEAK_NUM) that are
discarded in order to find the end of the valid range of a given trace 58 can be user

defined. In one example, between zero and 300 final datapoints are discarded and
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Step 234. In step 234, a determination is made as to whether the
complete valid region of the input chromatogram 46 has been checked for
overlapping peaks. If not (234-No), process control passes back to step
212 in order to find another coordinate in which there are candidate
overlapping peaks. Then, steps 216 through 234 are repeated for the new
candidate overlapping peaks in order to determine whether to label the

trodigate averipRIng daRake asciRvdad Raake Meakaaadeovaiawdad),

S udo overlapping (peaks do not satisfy ratio or background
requirements) or overlapping peaks. Typically, successive instances of
step 212 retrieve the coordinates of overlapping peaks from input

chrom r in a linear arder, pro ing from.one.end of the
chrom Z'S:%grgﬁ%' fogt#g %%@e% P rt?crﬁ% 5%‘1\%)1? (%,r ga%asf) gfﬁ%’nﬁ?ﬁ%&ﬁé&%ﬁé Segon
Heakieperinhoptbs patinfemibm ibnbinlirtiecs W8sUdtrgthapprodpbalandding”
e Tall rlapping d ipts dn_successive .
B e R e TS R e s
Réeashgearcaremasspeak srtring for thepericuefitass 4tePiess. Once

allcoanidlidiaie QyeslaRNNG AR NeMerbeenabaled-asBSeREQ ] that in step
%erlap ing, crowded, or overlapping (234-Yes), a new loop through input

) .
LRI SCJITEE S Yo Raibion der peaFdertinadee rrrhowhitecesdibaad
pinéedekiionindeielianthtrases A v biave: At M eRe UsRABkSIMaHEd A%ita

pseudo oyerl ing.or. qverlapping beginning at the cogrdinate where a
SEREE 5 LR S S R Gh P BT R ST SO EES AR Gidhe
bEch ot ghabmpsinge Snvthnocnhgdinadigsn maites dhe peikkoftiasertion

: ' e will be more peaks n traces 48 then would be typicall
e B R AR g e space
SigathOrdatioiotatard igrdngd SvhienRigetn g tertinrstappeas atak spacing.
coordi r [ | L 1S heing sequences. .
Thus, e O e AP MR S
ErsgrestSGramriRsek opgcing Saipbe 3ecatedathivisintalife éhnard toyksng s
pelecisid dRe sHHSRAUE RN RSB dARIREESSINGSIER A8 iER 288 dS R

§38 checks to r&ake sure that the coordinate identified in the_last instance
PeRih DIENCR IR ARE I P agHin g Be sk syt el apwrerigadhat
diefeaivvaanrtifandingyshiieosopes it he lrazyass aelaicagd

sa Fc)flch In or}@jg@ﬁodimen f the present inver:lggn, the |
IhSertionTdelation checkT JcESRISTEREH Y GRIG tib MtErhndiosst frih@eak
tirshedotyrardete i ination dpeakdpaain gahuhiattierdtost cumber ohpeaks that
[emal d.'?%%ﬁhi (l%t omatagram 46 (or in c%tain region of the input
chro%?atgo amgj} fég%i fgzlnllr?(é%a[f ﬁ'na}é lé’gi;l mgfeo it a{t‘gﬁroc%rft |cs%rféé](teee5’$ﬁeﬁ$8ts
recpstgiffoef ohchay tRdesisdedech tifitshble trambdB hewig, tHesnost
Eefint e kR0, CRLIhoBRRRTRAERA OISR LR REAK IRy
follows datapoint i IS marked as an unoverlapped'peak. In some
eiidbisRshtdatano Wi s thsl aomnatita nsels daks zharabie, where max_value is the
intensity value for the datapoint in the composite peak having the maximum value.
Alternatives to such a normalization process are numerous. For example, in some
embodiments, the most common peak spacing for each trace 48 is independently
determined and a profile is developed for each of the four traces 48 independently. In
some embodiments, profiles are developed for not only the most common peak
spacing, but also for peak spacings that are slightly smaller or slightly larger than the
most common peak spacing. In some embodiments, a check is made to ensure that a

peak that is selected for profiling is not overlapped with other peaks and that the peak

is not a double peak before it is used to profile a peak. That is, a peak is selected for
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permissible in the remainder of an input chromatogram 46 is between 25
and 75, between 50 and 100, between 75 and 200, between 150 and
400, or greater than 500. The second test that is used to detect insertions
and deletions in a heterozygous nucleic acid sample considers the type of
peaks that are found in the remainder of the input chromatogram 46 (or
some window of the input chromatogram following the datapoint i
igErtinerRitie thacaseahe be sepageyinasetpeeusniagecopiiibctotar

nnRenpeaksipdhe wmandgr of the input chromatogram 46 that is
overlapping (or pseudooverlapping) exceeds a threshold percentage

(238-YESRRH proteRe Gl sivpesdatksasn e neaks idnput
einbediveats Atis deteshiold PErReR@gR iosihpiNeenIA d
ninety percent. In more preferred embodiments, this threshold percentage
is between ten percent and fifty percent. In still other 25 embodiments, this
th¥@sholer pacbelatapeis e tiveerdidvanly pedeemnbans forty percent. In one

prgferred em%giég&”{ntc e4gh eshold percentage is twenty-five percent.
Jtep 240. Process canjL F% s8s 3%5?812?} when a chromosomal

i rtion or deletion Is de {: Inate (datapoint) .l in inpu
e A el g%ﬁjjgsga Bois

t

:
that had been previously idgpiiisg g LNERRRIGHS MAkS f@:?ger
nonoverlapping peaks in stgp 448 kBighis Aene: 848k 8llndaiadD the
input chromatogram, from thg RRIRMARSIR & '%&rs ifgls&gigmniﬁgiyrst

detected, is written to both ghyomatogram files 52A and 52B. In some
embodiments of thejpresent invention, deletions or insertions are
identified and flagged. Then, an attempt is made to realign the
chromgsomes after the insertions and/or deletions are accounted for and
fla§ overenppéricrpeakerd thentéglifn admbaudeakLsingitheideshnigues
outlineddrkBigune 208tep 242. If a chromosomal insertion or deletion is
not detected at datapoint i (238-No), a determination is made as to

Il.datapaints | i [ ogram 46 have been asses
g dnangitie) QU DURAOOIG IR A

tep 24
%&ﬁaﬁ%&%ﬁﬁdﬁ’ﬁé&é@m gboste(linesWhend, 162icWhenthech a
%ﬁfﬁp%ﬁﬁqeé@ixaaqﬁﬁeqmtﬁeoﬁemﬁﬁp@m@ga@rame%hﬁ,%%e&gm?&?%

244. In the case of hetero%gous nucleic acid sams%les, the’ detecte

SGrarieEantitRsal B NI RTBEIRE Rsffo ke e Solrenoyige s
(evesitapiswsparisstharofaliy bewe ighesoriiRsiag REIGLREYZAUS is made
%gal%%. Stgg.2%4 corg?é:ésf r.this ghenomenon by multiplying each

oS RTBH &S SRsk e SSHRIeilS RRdRbEP JaCsTrgshagasgead count
¢onstOe). Typicakycthindanstanhisitsedastoiiautnhseme eRbodinens
%c&ns{(tg% iésfin (;[Qrer rar&gghg)et\/ev en BOIUt ng)l %ér‘]d about 3.2. Step 246.

e mfluénce of neigRBoNng Peaks on-everapped incomplete peaks is
&0 UNNEIRb AR SBARABARHD dacttheateqdint in an overlapped peak that

exceeds the common peak profile that was modeled in step 208 (Fig. 2A)

by more than
test datapoint < (corresponding_peak_in_other trace * MIN_OVERLAP RATIO)

where MIN“OVERLAP_ _RATIO is the minimum ratio between the maximum
values of two overlapping peaks that is needed to in order to consider the two peaks to
be overlapping as opposed to the case where one of the peaks is merely background
and the other peak is the base signal, In some embodiments, the
MIN_OVERLAP PEAK RATIO is 0.6. This means that if there are overlapping
peaks in input chromatogram 46, they will be treated as overlapping if the smaller
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MAX_PEAK_ERROR, the value of the datapoint is reduced to the value
dictated by the common peak profile. In preferred embodiments, MAX
PEAK ERROR is 0.1. In some embodiments, MAX_PEAK_ERROR
ranges between 0.01 to 0.4. Thus, step 246 has the effect of correcting
overlapping peaks in traces 48 by ensuring that their 26 profiles do not
deviate by too much from the common peak profile developed in step

28k BieR @ﬂﬁ@mt&a@@aﬁaraﬁﬁea%%%@%é%&m@sﬁm
For each_pasition that is flagged as TRACE STATUS _OVERLAP

e peag ptherRiseiAbis coaditiop ot the suatisnprerianmmad ged
andkeeslaiing)caranRt MAIONEHARRINEN BaSkSISIHINAN 12 aB6ueh 108 above.
ch_roma}lgg%m%ﬁ%gﬁ and 5£?B anga%%e other, of the overlapping peaks is
written P SPRAS ARG PR ROR i (e akepgdrange Qgﬁf*ﬁﬁﬁiﬁfé'
BBt Somergisdingentsd chuanatbgicih 51624 anaba2 B @ﬁ@l@%@f@}%ﬁl&lﬂ

n ARl trace file format F file,format, a ZTR. file format, qr an ALF file
S e
aphyarclntserae evebedisient o v 23 pingppeakeeitgred at coordinate 6 in

EacesvESsh R A2, ARSHINING dhat these peaks satisfy the tests put

forth’in Fig. 27and become labeled as overlapping, they will be split into
two different output homogenous representations (e.g. chromatograms

54). Exsmpniany ovipk BOMeaRNs SRRRRENBULD S UG order to identify

chromatograms 52 are illustrated in the lower panel of Fig. 3. In the lower ~
B RETC LB RGP RO P T S P i B W rber ez ithin
Mot MONVER KETPIARE dBIPoGRECSRENABI I SBRUGRIOMIAHiRSB
receives the peak fro(réﬁ,a e 48-2 but énot trﬁ peak from trace 48-1.
EXAmpie 1 The Protesding tSmRicREe S & orgdR eaRiary 9b the sequencer
émodinsent-oteth ehptese ntcupibatjd s havk s dstdgehodisciost gy Refers Fgur
I raphic _illustration of the techniqu f the present invention is
e e SR S RS I S mnaeats
doublelp@ma@mbsﬁmm(fwkpwsﬁn Chnventivisaldsiseredinglapped with
§(§g¥¥:ﬂ5epgéédg§ Qé’&ﬁfh tot?:'élqﬂ ld%l% ﬁ?@h?&&é‘:‘c%%@ﬁ 48: %hgxlloa\llv c?a\é?proint having
applying the inventive methods of the present ifivention to input
BAPETRIEE ML o ReaE Beabir viRsmategrhald montendfdeapoinisichitise
daupieneRlngtnasitisng32108mhee S-shll INMAIWE BRRIGZYIQUS RERKS.

one for each of output chromatograms 404 and 406. Upon reading output

SRSHAIOY 2 seordineta e R CREEREEIR IS Lhe i setRsap
tossholly ndentfies dhabenasdinaie 32QORSistsf a3 AMBMNGalue in a first

R A9 Qs s el Chmalcgan o6, Tincal
exlamiple seconsidenthe easepin wiiel the shpohehiomatrgram issesed
U e R S TS S A RER S
having maximal values in the first and second peaks must be within three datapoints
of each other in the coordinate along the capillary of the sequencer (in those
séquencers that use a capillary). In other embodiments, the overlap threshold number
is one datapoint, two datapoints, four datapoints, between two datapoints and seven
datapoints, eight or more datapoints, or less than 25 datapoints,

Subsequent processing steps test the coordinate identified in this processing
step to see if' a number of rules are satisfied. If the coordinate does indeed comply
with such rules, then the datapoint having the maximum value in each of the two
peaks that overlap is labeled as TRACE_STATUS_OVERLAP PEAK and the two

peaks are ultimately spit into separate output chromatogram files 52 or, alternatively,
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ACGTTTC and ACCTTAC Together, these sequences can be

represented with the notation AC(G/C)TT(T/A)C, where (G/C) represents

a first double peak and (T/A) represents a second double peak in the

chromatogram 402 corresponding to the input sequence. In such

instances, the methods of the present invention will output one of the two

possible homozygous representations of the heterozygous input: (1)
erahepnedaimng the i aGR TIF G anainCE THEACaliniothetten to

wesdsdhRsystans anddeinofsofihe presenhinwentionare ot

designed to determiné the “true" Sequence of the heterozygous sample

WWRIEH o SHEeotRe ek B i antve instarepicictep ai2(in Rinber faison,

iBteihne systame andmMRgRS AL bR RBSER LIRYE IR 5. QA5 HSee
r;gﬂlgz% ous representations of heterozygous input data so that
polymo

AR A PRI B ol B & Blpppin giRsab s ere danndrt 2
autodinte] farkeionroling pasnazygassIBERresentations can be in the form
of, for example, homozygous sequences or homozygous chromatograms.
In preferred embodiments, the homozygous representations are in the
form of ¥iemigy Jossmetirstaatey ravedpoitapadphisticaied basradlingen
tgﬁmyg&qﬁ qMel @HB' t epresentatigns. Example 2. .
Identificatigg%)ftg:enetlcle(zgét%éﬁbl ftﬁ) %8{8}%%?% ?gr%splgxgﬁﬁr%gﬁba%gﬁggsﬁ
ééﬁlﬁ%%?@?&@émhﬂm@am pisaubyeitsifieh fatoetsirategiesptaks is
disease Weatment AR VRO, R ShiS e dg'ap 'leen@féﬁr U980 Gords,

variants accounting for susceptibility to most of the common diseases in

theTFIMEATB -t Rfdha 0 aPetbe Bsrsdempredhomeirasbold rymhiz of peaks
pRigie cirsarspian ssitheaeaeahelime RRGIRIOHINKSNELLID identified in
\%l?a |$§ Imk??fs betwee%enetlc loci and diseases. One of the rate-
it TRLRST P SHER THtia i hettege mrsa ean e rrshald mwnhsa darsin
suskm thedviotipfRefersing ideFilfidd, i preseniinve oHioRISES dhenot split
ay ated methaod of splittin a[rgeteroaé ous input chromatogram 4
into ho %%%%B%q%ﬁtpu ¢ rtogrri?g GRS %’@Ogef e RHEHFaRYicted in
Fig. 2) ovsigmifivately dmwepithdlyimredinthexpetisg mépidofitifyingvhaskese
i de ppRUsation despdpee ioFlanG: ausaion.ot chromosomal DNA
IocHsﬁ) is analyzed to det.ern‘ﬁr_le v%etﬁaléerrt 8‘?’3@&%% in e%d)%sézais Hse or
frearT snteRssteshersain Whidnlsorindeagiine if chveormod tmakBNAOCH)
thateaudRecdinkedpia Hateh e %%k%e!d%‘%e%dz HEINEL Y gﬁ{a ¢ selected
genetic analysis. Exemplary traits of interests are described below in the
S tfofie iR akd waithe thee daansprsancedinsradmbadetian
amajysigdsolisedno ide bbby Basific 98BeedNatAr R uinkRdsad RS bt of 7 x
Qw_t_eigs&éln a Mgznd(?g?n ap%roac , individual phenotypes that are

= tapoints) and the number of peaks in these regions 1s summed. If the number
of peaks exceeds 3 (216-Yes), then process control passes to step 218 where each
peak in the examined region is flagged as crowded and the peaks in this region are not
separated into different output homogenous representations. If the number of peaks in
the region is three or less (216-No), then the peaks are not flagged as crowded.

It will be appreciated that different window sizes and maximum aliowable
peak threshold in such window sizes can be used. In some embodiments, the window
size examined in step 216 is between 4 and 8 datapoints, between 5 and 10 datapoints,
between 2 and 20 datapoints, more than 20 datapoints or less than 50 datapoints. In
some embodiments, the maximum allowable number of peaks in the window applied

in step 216 is two peaks, three peaks, four peaks, five peaks, between two peaks and
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highly informative of the underlying genotype are used to characterize
genes. In situations where the phenotype (trait under study) provides very
little information on the underlying genotype, quantitative genetics can be
used to discover a linkage between a loci (termed a quantitative trait loci)
and a trait under study. Quantitative genetics approaches require the
construction of a genetic map for a species under study. A genetic map
shewsalhe tetdecinfof jodisdadgen phimosombandrpeatg|ativessdigtanges
?g en them. Such maps can be constructed using regression analysis
Soller et al., 1976, Theor. Appl. Genet. 47:35-39) or interval methods
(Lander and Botstein, 1989, Genetics 121:185-199). Markers that can be

used insgpcky mans.dnchude. bytare @%%g;if%&%ﬁ@%%ﬁﬁ%&?&%?% m

polymorphisms, restriction fragment len lymorphisms, mlcrosatealﬂ?e
Fhal K e verumpinmerales idpritfisd de dilrstinstaner plotiamaighisnns: rastbn of
Db hresthviation QR RIERFIGIDAR G BeRR&AR3IMEIedLIQCThaldink

to traits of jnterest can be discovered using (i) linear models such as a t-
REEY TR, FSOIRAF G REHIeroen; MghRspl2 Eageo ancronsiadapdamino
{SageNdOnsiBtiéd\peuks. reBeciasiagites (H)satimexinaenriikeiianty ien to both
G nettigs and Anall_gsis of Quan itativ%%'raits, Lynch and Walsh, 1998,
R A PR e RSB ot Ao e
Fawilydspaglie bhvaealdudgdiem orsidiédpeobevitahie grpdispasision 104
g%?z?W. common human diseases such as asthma, autism, schizophrenia,
multiple sclerosis, systemic lupus erythematosus, and type | and type I
diabetes mellitus. For a review, see Risch (2000) Nature 405:847-56.

Over the, ﬁzﬁ??ﬁ&lnﬁ&&@?ﬁ%@ﬂ&ﬁ{@a&ﬂ%%8%5%%%’%@%%high'y

enetrant, single gene (Mehdelian) disorders such as cystic fibrosis,

FroRyEOHS U sBPAs o ot bp eavrls tin ananistrop Mgl trnes pewkipping
jlaniifiechby JinkaonanahesisaRg pREOIALCONRGIRNYERRRERUALLS.

hese 29 successes have occurred in relatively rare disorders in which

&AM AR UL G BEfen Thergionedbes it semasHasrance for

@wmiﬁxﬁngfh_b_ d b@f}m@iﬁa@ﬁﬂﬁlﬁﬁ@xﬁﬁﬂu@?@@ O 958 ﬁhﬁﬁiﬁﬁiﬁ:ﬁ@m&f&ﬂﬁh kEtso'd f

IDIte the ecle eno e). To sgme _extent, the same methods
B e O B ot oL RS e BB BN
ticenmmh oontibeastshn thelfererdd paptiation chmpire@2ivyssy thander

| ' 203774 eneti¢c variants associated wit
B e R L R BB R e Bt il s 02
memm ahtheZyvetion (skncEiAF APsamt ENRAG) M Ztheimarisum
dissase- ARPRatdre thidiaheies (MQPYa %oiﬁjigli'e%é Q%‘é%%ﬁ%.'?%‘?&'%%.

by these methods. In some instances, multiple chromosomal regions that
Eomersarafired serhadimanty dhesmigimne idioninds Tatisdgpatdemtdhd eatteast
@fthese regions are either analyzed concurrently or individually using the
subserg nt pracessing steps illustrated in Fig. 6. For methods on

identifyfrtge STAHACA AR 4 T SRPHRERISHE e S tsd eanrgiad fomplete (220-No)

then the ratio between the first and second peaks can only be as small as 0.6 in one
embodiment of the invention (Step 224). In some embodiments, the minimum
allowable ratio when the smaller peak is not clean and complete is between 0.1 and
0.95. In more preferred embodiments, the minimum allowable ratio is at least 0.2. In
still more preferred embodiments, the minimum allowable ratio is between about 0.2

and about 0.6.

Step 228. If the overlapping peaks fail to satisfy conditions 220 through 224

(222-No or 224-No) then process control passes to step 228 where the peaks are
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(2000) Nature 405:847-56; Lander et al. (1994) Science 265:2037-48;
Nadeau and Frankel, 2000, Nature Genetics 25:381-84; Fisch et at, 1996,
Genetics 143:571-77, Luo et at 1992, Heredity 69:236-242, Jiang et at,
1997, Genetics 101:47-58, Olson et al., 1999, Statist. Med. 18:2961-81,
Schork et at, 1998, and TIG 14:266-72, Haines and Pereicak-Vance,
Approaches to Gene Mapping in Complex Human Diseases, Wiley-Liss,
Rabelsdess perpdo prerianptiginatirnalssedinked lappitpaptaindee studgnhiasach of
geRorsliBad raARhRRaPH .l%%p&%%?@%?%%ﬁ?@%&%mé&

population includes members that different trait under
SHOSFS s BseiiplesTitherebeine SRbdEreerppia b rhespaiantens a@ppictle peaks
caReBRp MRt aWItingl e fapaes thalRaYe N PRRLCANCEL A below.
females that do not have breast cancer. In Cheng et at, 1999, ‘Genome
Res 9:936-949, a composite cohort of 142 unrelated Caucasians for

whom Smgiziganishbasdbepisyaediiatadsandseonad by h1m Gensinizoa

(Gepsini, 1975, Coronary arteriography, Futura Publishing Co.,
R Y0 Ao e R PR e B B ts S Dol o
tdtedrd o cuiaivess therke(IiR A€ e N TR R OO VERIAR SSH ORI Y
i ion..Step.- In step, 606, the cohort ulation is .
e o O e By Rt progpssing

ERIFM Bsm WA@@%M@Q’ n@@@m nabachush eatibradfitiensbhudes in
BRI @Wd‘&%&%&%&%@l@p@lﬂ%@&gf @M%?T&lﬁ?%%ggmb%%%%ms, the

instances, DNA from cohort members is obtained from using

sepliraf thernrpedsiusths faeeendinp goraidnesheln beogaromdlevekit, order

Asale VeHARBIFUARS RHeia A iNA IR (2GntB8 MU 89808 wo
Isolation Kit,  Gentra Systems, Inc., Minneapolis, MN). Purified DNA

DN
REA SRAR AR SA I v FEawsamant (bR dhecBfakscr s dehelnd Ta@nerr in
stepf@ingneampndidstyegions sikt Be6uaneed bsipg Bosesaneer, such
as any one r?s.f Qe s&i}%&ré%grs di??o in Table 2, above. Step 606
resuite Ih The gefieration gr%% ﬁﬂ%% ‘DNA sequences, each DNA
sequence representing the region of chromosomal DNA identified in step
602 frog; Iff b rt population. In situations where
mu_Itip@%gég%'ﬁg%m%rﬁbgg%%}ﬁgﬁﬁgﬁé%& een%lsfi%()ce)d?,V ié%%%%% TE8 }seln

Tislidipteige @l dicaptb clanrtpseambst bishecootorkpbfiurlatiensppire peaks.
Haense i) eaeRat U&%gﬁg&%dﬁeﬁf{%%@ §I§Rn68%eﬁ8‘%ﬂ1§'dﬁ&her

sequence is represented by a nucleic acid chromatogram 46 that is
Rt by ireh dbers are Sansidai s OteTianpise qeakiig ot Biepp RkGibyooh

ZHMOMRBQUEANTHARE R &M 626 40BIRFBiHE FOR SOBIERRSRILSRE Of
ing steps of the method illustrated in Fig. 6 when

e %?it%%%%gur%iﬁ@‘%%%%%ﬁ@ﬁ%%&ﬁé%é%EPﬁ‘ééa aErices,

pantidedarhsindhe vatepihe (e soumeni-nelaic ARl 02y g ents)

DRI SStAIO R R i RO R I S S LA e

coordinates of overlapping peaks from input chromatogram 46 in a linear order,

- progressing from one end of the chromatogram to the other, until all valid datapoints

- have been tested. However, the present invention is not limited to such an approach
and in fact, any approach to obtaining overlapping datapoints in successive instances
of step 212 can be followed so long as all or a portion of the overlapping peaks are

tested with steps 216 through 234,

Step 236. Once all candidate overlapping peaks have been labeled as pseudo

overlapping, crowded, or overlapping (234-Yes), a new loop through input
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chromatogram 46 must be visually inspected to see which two bases are
present. Not only is this time consuming, it is exposed to subjective
human interpretation. Advantageously, the present invention circumvents
this subjective time-consuming step by automatically splitting _
heterozygous chromatograms 46 into homozygous chromatograms 52
using the techniques depicted in Fig. 2. Homozygous chromatograms 52
chrothanghanséfiepedomsing colrvéntieranbasedealinghsaftivandrirerioder
e ic. aci ifi /9r sequenced in step.606.
R S T e .

PV esIpRinE hrainatag A the Swdisatmalisred fisidiogleriussistidegins in one of -
RRYROERRISBS (NP sl Siaglenausico e RAlRosRRISI SN L aKiSesn

when there are different alleles at a given datapoint. For example,

e5re PR LB TRRmRIFE GioR s Be moreRsBkT SIdTases ¢oim
PRRMAON & SEA GRRREH cHRRBIRNR lm&mwma@;ﬁgﬁeag med. This
e

correspan to a given base in the cohort population. ase at
5%%?%* Hb?glﬂ}%tﬁ’ésa‘%ﬁf&f@téns’éb@ée B IBETASP BRBTAL ) tRerdinqte 166 of
the hebteszpd dherpopiiteditnihdd i pbsitip seg Ocisce limatsag ety date 166 on,

xample, if a heterozygous nucleic acid is considered, the ten cohort

R AR e e

paterndi-bigpeld Gorjdenpapfoimcioahabmmentsagelentdsiid sabsegtharly

%%@%ﬁ&e@&@g@%ﬁ@ﬁ;semed in position 90 in the twenty sequences,
proce ;

the position Is considered to be a SNP. In some embodiments, a more
rigid criterion is used: the minor allele must be present in more then one

of the segpienees iy tdey s MOLR-Ligit HItEsiNAse sbimIChe

19 of the 20 sequences code for guanine and 1 codes for adenosine

hinFaBe b shmsidrisnat Snest s hespingraban Wmeorhrsno1 8 dletien in one
segisancesteasl fLaReasHe: BOSBJRFAYEIRSIRINR YN Gmple, In one
co s?{"lered a %}NﬁP. Here,éguanlne is.the major allele and adenosineg is the
CERRF THERL O B S BB R RS THEP A 6 ERESHh Lt B pR e
lsigt obodiffererpetseniniih :BNA, safeplesihabhaveddees seihenaate
t tt ercent.of the DNA samples that have been . .
B R S SRR B B wineselvmof
Hednpsé ghremoddgumnidie tgimiab et thwensdpeteédttepoive) D Resadipiée
thave.ngen. |atio jon.of

%:%?omosomal D %ﬁf@%ﬁ?gﬁ%ﬂd&%@ﬁ%ﬁs g%%és%gé%g%%\s)él%%?gs
foatrRhPRETCS taiptd phsmitkrshpeclo tirt falleweidatapoiithi thenarkied #s an

SRR BLEpEAEENATKEEAR BmiRIAISCAMSIELIR RIGRHI A51RplatyRes

derived from such markers, are tested for association with the trait under
BHTHPHEIR GRS e SEmAm A RART P b o e Bt e TReR kS B 2 5,
hapledy 3o dhat overiepiesanedon apaEian of aeadrtdaopHatiaonihalo.

represegnts one C{l)hegtg%pe oféhe rait under study. For example, in
Campbdlf SFERYGEI ) “BEyRAEHS BEBless SbRFERL R female

- Raunoapiansamoeleiiacidnaagdestifeiéss @rdype of peaks that are found in the
remainder of the input chromatogram 46 (or some window of the input chromatogram
following the datapoint / identified in the last instance of step 236). If the percentage
of the total number peaks in the remainder of the input chromatogram 46 that is
overlapping (or pseudooverlapping) exceeds a threshold percentage (238-Yes) then
process control passes to step 240. In some embodiments, this threshold percentage is
between two percent and ninety percent. In more preferred embodiments, this

threshold percentage is between ten percent and fifty percent. In still other
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150 normal female controls were genotyped. An association analysis of
markers in this cohort population revealed that a particular allele of the
marker D 11 S911 was significantly over-represented in the anorexia
nervosa population. A statistical test such as a chi-square test or Fisher's
two-tailed exact test (Sokal and Rohlf, 1995, Biometry, 3d ed., Freeman,
San Francisco, California) can be used to determine whether an allele of
awiznkierdnisfthitobrestal dhapiobgadbétedactiscasspsiaiesitbay percent.
RAY Lohenot of the trajt under.study. Haplotypes can be
constraicte usi%nﬁ%%ghtﬂ(tére #?Trg?n%% r?rf%gﬁg‘g eﬁ’fﬁ%gﬁeﬁéﬁﬁo
using conventional techniques. Such techniques include, but are not
iied SeRe REASRUINGPIEANRTS SLAL AP Ml e
68:978-89, Liu 32 et al., 2()001})%enorr]§t F?e%%gy}ihyl%gﬁr?ﬂ?sﬂ%leslgﬁgfg%} or
Seloirpisdaitriedabneposdimie orpriniidindnythehsoitatagearifyStéhen this
RegiagecHARBGONST SYBIALS fanal b@épﬁqu@&&%ﬁﬁé%iﬁéléﬁf‘ays'“g
orithm (£

gn @pectation-maximation or Bayesian statistical alg ang et at,

HHRESTTIRENS RACnSHHoRRInECERARTRRN g 4PaitEhiAk diors st all
sprin theigsubadinanishit) grore ey oy QMIRN RIRICH IR %A is first
E;Bé@%%sign\%'gl %g% Of% Sﬁ?oruatltn%lou érth a trait exhibited by one or more
organisms In a plur %8 SPOERRATS Bt Speded 18R, 1a semgrnbpdisnesss
b torpestancesioth ddbrimisaigentcandr idasseaatRtmittdn e Hiaitn
/ ifyi manker within that gene that associates with a particular
A R e i M
afavientpddepamdiiasmicmlanping sitabkimtahe stidigned seglendeaitshigahas a

i858 SR NPRAdIsease. Exemplary diseases include without
limitation allergies, asthma, and obsessive-compulsive disorders such as

panic disorders, phobias, and post-traumatic stress disorders. Exemplary

diseasggfurihenfacHie-a eI DS Sisarears S ENR8 SUUISE Y Statapoint
isease, alopecia areata, ankylosing spondylitis, antiphospholipid
&;gdﬁ%@ ‘%@ﬁ%‘é’f@u%%g@é@@ﬁﬁ@ﬁ@fé@@@@ Sokieinie! @ishits disease

anﬂmm@ganwwaﬂﬁsbs@a@gmdimeﬁwmiqfﬁp@daaﬁyégﬁpw&gg%mﬁml
%%fésveﬁggtgo%gis,ﬁasg ibfﬁ’lf\? Meniere's disease, mu tiﬁ}% sclerosis,
yasthenia gravis; myo e e MPRRB S EIGHA PRSRS RPN AP AR IR,
peivdsigheeutraticeisirer daapohitl o fisthadlgnadbrotaatsasaulitisis vitliged,
and Wegener's granulomatosis. Exemplary diseases further include bone
diseases such as achondroplasia, bone cancer, fibrodysplasia ossificans

progreS&r a4 fiblobedyspleiSiatdugyaalveugerchad sisgise tmykieoial
BHRPARRIIRRS B BNOSIR S B RRIEORAIONS n RAGESS dlsease.
and scoljosis. Exemplary diseases include cancers'suc asbladder
(exrrerpBSheeknoermalaibatpitebenrebusdhmebetooryigaloamber, tofobid
%,f?gfggg}lg?ﬁh%&%@ SO S AISEASE KIANE Y CANGEL BRI EGR!
is marﬁe’d as overlapping) by a constant. Typically this constant is the factor two. In

some embodiments the constant is in the range between about 1.1 and about 3.2.

Step 246. The influence of neighboring peaks on overlapped incomplete peaks
is accounted for in step 246. For each datapoint in an overlapped peak that exceeds
the common peak profile that was modeled in step 208 (Fig. 2A) by more than
MAX PEAK_ERROR, the value of the datapoint is reduced to the value dictated by
the common peak profile. In preferred embodiments, MAX PEAK ERROR s 0.1.
In some embodiments, MAX_PEAK_ERROR ranges between 0.01 to 0.4. Thus, step

246 has the effect of correcting overlapping peaks in traces 48 by ensuring that their
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liver cancer, lung cancer, lymphoma, oral cancer, ovarian cancer,
pancreatic cancer, prostate cancer, skin cancer, testicular cancer, and
the like. Exemplary diseases further include genetic disorders such as
achondroplasia, achromatopsia, acid maltase deficiency,
adrenoleukodystrophy, Aicardi syndrome, alpha-1 antitrypsin deficiency,
androgen insensitivity syndrome, Apert syndrome, dysplasia, ataxia
msrdtigiattasizddyiats ubloemieh Memutbsyrmnmaecekpavile disebged B3tep
&#gdu chat syndrome, cystic fibrosis, Dercum's disease, fanconi anemia,
fibrodysplasia ossificans progressiva, fragile x syndrome, galactosemia,
gaucher disease, hemochromatosis, hemophilia, Huntington's disease,

Hurler syupdrames mpmm@%&@@&lsﬁﬁm@ ni@RDESr each

disease, Langer-Giedion syndrome Ieukod stro Ion ts ndrome,
RESHEAR e DS DA e BT TS LB Bt R TR s
padlehatymeremessaphregenic ﬂh@@@i@@ m@gmgw&ﬂz&ma&%ﬁmg

Niemann-Pjck diseas steo ne5|s perfe porphy Willi
D e e R Fara e A BT S A Bkt & hrome.
mbﬁ;g@ingtpgdk‘s’s’ymdﬂtmﬁpﬂmﬁﬂmpof@m&mwﬁﬂﬂ&@hm&ﬁ@@rﬁme
[ e mlt ndr gme Sti rs
% 9019 g ﬁl I'B enb ée%% oz glugr?tms)%zg X%@@fre §Cﬂerated n

ay Sac rom ocytopenla syndrome

2ot §y€lﬁ@i fdﬁﬁ?fméoﬁrﬁﬂfﬁermml@%ﬂl?mm ayndididilefosnat.
cycle digprgl %ﬁué@%ﬂ%eﬂ@n%ﬂlg 19595 HUPEF g?é] BUEE; SYRALOM G ot there

Williams syndrome, and Wilson's diséase. Exemplary dlsea s further

P ef A HARRNE Perkcitalasd Blasierdinnis 6 du Er6eidS dranddseR rdisiming
%@%E@Eﬂ@?ﬁt@ﬁ%@eﬁ@ﬁ@@ﬂﬂtiﬁ Righ cRelesteRl 1RSI tENSi apping,

o] syndrome mltral .valve prolapse, postural orthostatic tachycardia
‘gﬁf ?GE&%WE@%W&H%ESB‘F%&&ém

mmmwaﬁues@ﬁbbapmtb@t mﬁmﬁww@&ﬂ&mwter
RProgram Listi ndix to, pe SNP otyplng
e R e S R P
@nptasiheogxabgfalﬁﬁgﬁ, ﬂéa:w,es\lﬂxﬂ pRaldroBrirdde3 A1 Ot 1HBAR-BEE) from
Hé&@%ﬁ%”%*aﬁeﬁ)’éf ﬁ?g'ggpaiﬁé; Bk Et“m!?m%'i% HRMIIE IS 2 protein trace

arginine” N-met Yocated Uman Chromoson around
BN, phis mk@mm@?ﬂée\ﬂémhg a 102.38 Kb genomic region. Because
most of the genomic regions covered by HRMTIL3 are intronic regions, a
decision was made to only genotype its exonic and regulatory regions. A

total of 48" -off POROSFIHEES!S igreeprdeagtigh aneopipdimgent of

@@\{ﬁé@ﬁmﬁ{r&ftﬁﬁn{%'ﬁ@&@%@i@d@éﬁ%&p%ﬂﬁx r@s4iliustipied in
‘QHF 7.A toéa of 4 CR reactions were performed on each o the 32

BpEghO Rﬁi%%%mese&ﬁ&lmﬂoaeaﬁa%vme%@tmghﬂe is

ﬂfﬁﬂhﬂﬁdﬁ&&@ﬁdﬂ@t& e ceaees ﬁedbibkf@abt%sxt% 2 3R 428).

npllég 1onal base-oa ﬂl%ns%%gwa-l;g %zlse Pa%ntiﬁed this double peak as cytosine (C).
However, applying the inventive methods of the present invention to input
chromatogram 402 yields output chromatograms 404 and 406 in which the double
peak at position 229 has been split into two homozygous peaks, one for each of output
chromatograms 404 and 406. Upon reading output chromatograms 404 and 406, the
conventional base-calling software correctly identifies that coordinate 229 consists of
a guanine (chromatogram 404; G) and a cytosine (chromatogram 406; C).

Typically, the input chromatogram 402 contains more than one double peak.

For example, consider the case in which the input chromatogram is based upon a

heterozygous nucleic acid sample that includes the sequences:
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of each amplicon is about 650 bp. Therefore, about 48 x 32 x 2 x 650
1996.8 Kb were sequenced. If these sequences were analyzed by a
human with assistance of 34 conventional computer software, such as
Sequencher (Gene Codes Corporation, Ann Arbor, Michigan) or
TraceTuner (Paracel, Pasadena, California), which can analyze
sequence quality, align amplicons from same genomic region and
graphically display potential polymorphisms, it will still take approximately
0.5 to 1 hour for an experi%m:(ejrilﬁ nician to examine 64 heterozygous
waveforms from one primer pait, efitity SNPs and collect allele
information. Therefore, it will take at least 16 hours for one experienced
technician to examine all thege 3042 sequences, or 1996.8 Kb of
sequences. Using the systenis and methods of the present invention, as
embodied in the computer program enclosed in the Computer Program
tristige A RREDY SRl | (e @i
cct)%nplet’el an%%%%g eﬁi%'%intggﬁi 9@%&’?‘3@3@? 3@1@9}6.8 g%f) <

BBELHE) irersernt Gdurtyerierrig, alitihd rensresig susornd dehedeek
hotrostygniasodrane iomsResRIdNIR S SN HscRIh N dnclasHngRIE I

infarmatian. A total of 44 SNPs, were discovered in the analyzed nucleic
REH%E SO SH RS S PSRt SHRNLARS PhEMITEYBR e SompirsBevst
specificaimtrodithe ks abtygopsdsput invention are presented for purposes
of illustration and description, and are not intended to be exhaustive or to
limit the invention to the precise forms disclosed. Many modifications and
variations are possible in e GEBIRETAbané A6UCHTWE, Bor example,
reference was made to an input chromatogram 46 that includes a trace for
each of the four possible bases: adenine, guanine, cytosine and thymine.
However, the present invéRliécTHotGirme 4 €3 Hletdic acid sequences
having such bases. In fact, any bases, including but not limited to any
%urine orﬁ%{;imidine derivatives, can be used in the present invention so

RPSitREts-dhe armsranaadPeibets ot ihn RisRBEINGBISR et as Glesignsd to

taheling:nbagents. fequaxarvplie Buetobasas nshite withpwh dodation.
thosetdds%losed in WO 98/16539 % \Y/o} %?%dlsk A/S), WO 98/04126
PR BOTNEL S FEAHEP ISR e BEkTs W O AR PapR rethods

Mdndisiesaf )nvihitedi Statendateinifio920a4 eiaddaystiinglof Baedygous
S e e L B A s P Rt
MegamRe fashion) :ﬁs@mq@sﬁ@ 1ep82ctalrgs «@nbeindle3623 @Bfor

sidion A TEC e L Bty
AphREEEH NS SO DU FINBL Frsfeieicts Sren efhomontiarion
chromatograms so that sophisticated base-calling techniques can be applied to the
representations,

Example 2. Tdentification of genetic susceptibility factors for complex human
diseases can generate insight into their pathogenesis, and novel strategies for disease
treatment and prevention. Despite considerable effort, genetic variants accounting for
susceptibility to most of the common diseases in the human population have yet to be
identified. One reason for this paucity of information is the amount of time and labor
involved in validating linkages between genetic loci and diseases. One of the rate-
limiting tasks in such Validatioﬁ strategies is the identification of markers in suspected
loci. Referring to Fig. 6, the present invention uses the automated method of splitting

a heterozygous input chromatogram 46 into homozygous output chromatograms (e.g.,
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All references cited herein are incorporated herein by reference in their
entirety and for all purposes to the same extent as if each individual
publication or patent or patent application was specifically and individually
indicated to be incorporated by reference in its entirety for all purposes.
The embodiments were chosen and described in order to best explain the
principles of the invention and its practical application, to thereby enable
dhisanstisidifsgivteah i dig @ best gtilfrartle Inwentiontantavdigpase of
sahenmenta il RS- MOSEAIoNEAs AL (000 MANE N omal
use contemplated. It is intended that the scope GF thé invention Be

A@ bypundtonelinng Saineming tettlsy thealerisisdBusl itacdiseast At
Rights Resesved * Roche Palo Alto * * * Author: Guochun Liao, Alck Dube
* * August 2003 * #include <stdio.h> #include <fcntl.h>
/*****X+#X*********+****+** CONSTANT ************+*****++*+******/ /* trace

status, Srepldd Arerresepand foraiRinler a&%@sﬁﬁw&gé@%ﬁwm be
nﬁg"ﬁ'? identified, mark as TRACE-STATUS - NOTHING * if identified as
SRS AT h eSS HRAREN Chusing StapRerdk ssPeHS B aReamiETor

thaitstkefdeterifsidentiflestdsch égloning the a-paak cetRE PRk IR I In
identified as overlap peak, mark.related 2 status at the pasition as
8 R B R S TR S R bt e e,
TiRzd B TN SievE R MREIK SPARTTHED., totisidin PRAGEDST ATIUS
1" o £ PEAK = 1: const in' TRACE
e S TR s ey
sipfipnswhenerthrphegobmsdimit TRAGEED ATy Blontdry lnArfornatisedn
Eﬁéﬂﬁ&%ﬂ%@@éﬁ%&%ﬂaﬁﬁt&@#g Reskdangend ¢onsh i&&Jﬁé%%%est

STATUS CRO _PEAK = 5; used to mark the crowd peak
RRCTREARGETS HRTLRS PLEGIRY (VERIotH P Akaiterniensediio Quandtative
pesitlsapyeiaRcpeatuitiantadbat BORk/ dfanpi fitsiashl AQalas RS
gt%'&% IRt égx’élt%%p[)sggéé It!}llg) géeﬁnsgoéf loci along a chromosome and the relative
distances between them. Such maps.can be constructed using regression analysis
(Soller er al., 1976, Theor. Appl. Genet. 47:35-39) or interval methods (Lander and
Botstein, 1989, Genetics 121:185-199). Markers that can be used in such maps
include, but are not limited to, single nucleotide polymorphisms, restriction fragment
length polymorphisms, microsatellite markers, short tandem repeats, sequence length
polymorphisms, and DNA methylation. Once 2 genetic map has been constructed,
loci that link to traits of interest can be discovered using (i) linear models such as a £
test (e.g., Sokal and Rohlf, 1995, Biomeny 2™ Ed., W. H. Freeman and Co.,NY),
ANOVA or regression, or (ii} or maximum likelihood (e.g., Genetics and Analysis of
Quantitative Traits, Lynch and Walsh, 1998, Sinauner Assoéiates, Inc., Sunderland,
Massachusetts, Appendix 4).

Family studies have clearly demonstrated a heritable predisposition to many
common human diseases such as asthma, autism, schizophrenia, multiple sclerosis,
systemic lupus erythematosus, and type I and type II diabetes mellitus. For a review,
see Risch (2000) Nature 405:847-56. Over the last 20 years, causative genetic
mutations for a number of highly penetrant, single gene (Mendelian) disorders such as

cystic fibrosis, Huntington’s disease and Duchene muscular dystrophy have been

identified by linkage analysis and positiona! cloning in human populations, These
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I* number of points checked at either side of a peak to determine if it's a
peak */ /* should between 4-5 const int _
PEAK-DE-ERMINE-CHECK-WINDOW-LEVEL-ONE = 4; /* should around
half of level one */ const int
PEAK-DETERMINE-CHECK-WINDOW-LEVEL-TWO = 2; /* ignore
number qQf peaks after ignored first/last data points */ /* minimum number

RECHESAAY TR RERROBE SHRRT BEAC NI I vhick Thiiede HEHFaBSES of
pealiufionbeweerC RS G MIRE ENDPEMI MY M Z $R0i4S BENBMD) and
geak value e uig?rr}llent canst int INtP VALUE :h150' I* ma%(lmum
BeaR STt Bomt VAl ST S R CERE W T ABEP R ayipey [9APDE
ex it/ thm ssumunetipeiabhardpaintsedhod degifiyemennic canattifssociated with
-PEAK-END- E = 50, /% maximum allowed peak space, never
R TR e T e TN S
ghalctl CWn Seienao RISFREA K48 P RoEtic 1ariantSpliodeed withsasdeptibility to
allone LurRIARRINGL RGN AP s 3HPMd RaVEL RIgges han ¢ ,6ans)_ I,
MAX OVERLAP PEAK GAP = 3; /* minimum allowe overlapplné_geaﬂ
FaREFT (Bt INR G OvAdriciiper ediscra@Br: ad0pe Mivbnien IOWAH

Dveylapiine: Beakimiamiey amalleeprak isAselisamant.complgte peak®/
oast float MIN.OVERLAP OXIPLETE PEAK RATIO_ 0.4; /* maximum
Ao B LR AL R PG5 S NBERH R G BRERE I Sep

S aic eastesfaleseQeRitisanstitbat May REdKRERGRFikidhally using
B R R R PR S P RATiO = 2. 1 fat peat will e
ignored otliffgtheds erbalmefyinpcakidiut the livdoddnext etataf haintst sheuldsch
@65h RaRDi SrayT BEAKRIGNA HEBE science 265:2037-48; Nadeau and
Frankel, 2000, Nature Genetics 25:381-84; Fisch et al, 1996, Genetics 143:571-77,
Luo et al. 1992, Heredity 69:236-242, Jiang et al., 1997, Geﬁetics 101:47-58, Olson et
al., 1999, Statist. Med. 18:2961-81, Schork ef al., 1998, and TIG 14:266-72, Haines
and Pereicak-Vance, Approaches to Gene Mapping in Complex Human Diseases,
Wiley-Liss, Inc.

Step 604, Once a loci that may be linked to a trait under study has been
identified, a cohort population is assembled. Ideally, the cohort population includes
members that differentially exhibit the trait under study. For example, if the trait
under study is breast cancer, a typical cohort population will include females that have
breast cancer and females that do not have breast cancer. In Cheng et al,, 1999,
Genome Res 9:936-949, a composite cohort of 142 unrelated Caucasians for whom
angiograms had been quantitated and scored by the Gensini method (Gensini, 1975,
Coronary arteriography, Futura Publishing Co., New York, NY) was used. These
scores were used to subdivide the cohort into quintiles that represented differing

severities of coronary arterial occlusion.

Step 606. In step 606, the cohort population is genotyped. Typically, this
involves sequencing the region or regions of chromosomal DNA identified in step 602

in each member of the cohort population in order to yield a plurality of DNA
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const float FLAT _PEAK-SIGNATURE = 0.9; /* if within window size of
2*MAX_OVERLAP_PEAK_GAP+1, there are more than
CROWB_PEAK_THRESHOLD * peaks, all those peak will be identified as
TRACE-STATUS-CROWD-PEAK const int CROWD PEAK THRESHOLD
[* parameters used to determine if there is shift /* widnow bigger,
max_percent smaller */ coast int TRACE SHIFT CHECK PEAK WINDOW

=sbQuenoastifloatit RAGReSHINE MAXRERGENES R ARuiisdTRnPeRkd

idth al d.*/ const int MAX ALLOWED P WIDTH = 30; /* average
R e S s PO L B A e et M Bk
vakieT8$3 A3 MINREARNAAISIB limER BAC KIS RQENME? PREAKGAGHQAR:,
C@%ﬁgi%%ﬁs%g @%R%%’.Eg%'ggﬁ 1 .%E%Ee?ﬁl@ﬁ% %rlﬁql%éé' ujrgg grimers

VARIABLES int c_on’ peak. qcé; [* common peak spaci 1g, as ¢l

vEpRshiie thihevggisackgrsinms leakfivd lireste 6{1 dslcigptifind repaks ount
=it lotabipe ke SULF Qrcl 55 iy Bel ok the Sednencers ARLIRE 1
s e a. ,e*{:./ strﬁf:t a{)idaetg { cﬁgefqrﬁlglrlﬁg 4;, I* Fou rlifﬁ]e =

cRBEPEELTHARIE TRRE e erreraimAh BOUrelDpHg A e rakts. with DNA

theRme RIBEISXRMBILINRAINLBATARDN A RAK AN -6 L8183, o
type of data 4 = integer *7 /* 7 =float, 10 = mm/dd/y¥
Q

type; /* Denotes th - A ) ;
ST RPRESH O K oL PaPLIARER- 18 ueaRscasre Brdtinlesmons
shintretenedtBiie; Weldsidaof erplsetenants iiiﬂhmﬁ@l%bﬁq%é%&;s Ko &Rh
number of .elements. */ znt recordLength; /* The len of the whaqle . .
A e Shihte BB e R igebin
stigp §hthbimsborgthumipssdhés neporstingnitly #risdessHlidooinwbieh: aasBat

it;c ﬁ%ﬁﬁ:mﬁ\; g =Ton quta. */ int unknown; Usually 0, but seems to
cha%ngge with the 6diting +/ 7 of the file. 38

Step 608. The sequencing of the plurality of chromatograms generated by
sequencers in step 608 represents one of the most time-consuming steps of the method
illustrated in Fig. 6 when conventional base-calling software is used to sequence such
seciuences, particularly in the case where the source of nucleic acid is heterozygous.
Using conventional base-calling software, each point of heterozygosity in a
chromatogram 46 must be visually inspected to see which two bases are present. Not
only is this time consuming, it is exposed to subjective human interpretation.
Advantageously, the present invention circumvents this subjective time-consuming
step by automatically splitting heterozygous chromatograms 46 into homozygous
chromatograms 52 using the techniques depicted in Fig. 2. Homozygous
chromatograms 52 can then be sequenced using conventional base-calling software in

order to sequence the nucleic acids amplified and/or sequenced in step 606.

Step 610. In one embodiment of step 610, all or a portion of the datapoints in
output chromatograms 54 are analyzed for single nucleotide polymorphisms (SNPs),
A single nucleotide polymorphism (SNP) arises when there are different alleles at a
given datapoint. For example, consider the case in which a given locus in ten
members of the cohort population is sequenced. Consider a locus including datapoint
90, corresponding to a given base in the cohort population. If the base at position 90

varies in the ten sequences corresponding to the ten members of the population,
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Splitrace.c [F*rxxxkrkikikprrkiiekiiat EUNCTION DEFINITIONS void f
ill_traces (int *, short *, short * short *, short *, short * short short *, short *
, short * short *, short *, short * ) void write_files(FILE * int *, short *, int *,
short * short short short *); void scan trace (int, int, short *, int *); int get
cmn_peak_spacing (int *, int *, int int int *); void build cmn peak_profile (int
* short *, short short short int int *, int *, int *, float *, int); void
opdeitlater(PddlciRAel GROLBNPPERK LRkip K1 Fal Ak ferlily ot SR ZeRNRMt ™,
short.*, short *); void split_trace(int *, int *, int *, int int *, float *, int, short
SO SISHpthe ik eperaREDeTs el BRic FaR shetemalbrsed satoesRp A0 aRe
“Patimgldakesizeishast 1 sbuveriammpakdntcasintmiste thint dnt shodc
S&%ﬁ??&@ s*m?p rztn* igtgﬁgg%rien g,i n profiled epeak _short short int, fl%at q
£int)° Vol mark vand. pes rangeg(/i W RARCTGES. it ROSHow is considere
[te*her e BRP T st thboSARENLE W NGTE| O EHHTEHEH TSI SR I 1S, allele
jnnt * *INABI;. FILE*outlABI; FILE *out2ABI;
g%é%&%%%&é?%%&%%%ﬁt%%ﬁ%a%l %g*ug ar i eﬁlgmuél,ggfotglesn%ﬁeer é%rt,
“ECERE 2 eRuit 10 Api ghol 9o thel 28, sdaekeszs, Godle for guanine and 1 codes for
ahitalingnis IR NGNGB RIRUOLSEL CHITRNARS: B ge

str[5]; short *tracel, *trace2, *trace3, *trace4; /* original trace rea

SPIEENE - Gate By nprineEdd sedaor mderasmsorsal hbaprirtidgredlSNP.

‘Haee ghaiiiace s, ilipredble/ 5 @d&i@ﬁ‘iﬁ@ﬁs&ﬂ@%fflﬁi@&ﬂ%&fﬁﬁ%@ﬁf $her
C*Et:rglﬁi t@é@%ﬁ%ﬁ%%?&%#sﬁggk o hcacrjhage%.s g].'l)g;[lf(.) ﬁ'Erreageercent A?the DNA

samp_aies that have been sequenced, at least about ten percent of the DNA samples that

have been sequenced, at least about fifteen percent of the DNA samples that have
been sequenced, or more than about twenty percent of the DNA samples that have

been sequenced.

Step 612. The association of a region of chromosomal DNA (locus) with a
trait under study is considered validated if a marker or a haplotype within the locus
associates with the trait. In step 612, each marker (e.g., SNP) discovered in step 610,
or haplotypes derived from such markers, are tested for association with the trait
under study using association analysis. The goal is to identify a marker or a haplotype
that is overrepresented in a portion of a cohort population that represents one
phenotype of the trait under study. For example, in Campbell ez al., 1999, Mol.
Psychiatry 4:68-70, a cohort of 170 female Caucasian anorexia nervosa sufferers and
150 normal female controls were genotyped. An association analysis of markers in
this cohort population revealed that a particular allele of the marker D118911 was
significantly over-represented in the anorexia nervosa population. A statistical test
such as a chi-square test or Fisher’s two-tailed exact test (Sokal and Rohlf, 1995,
Biometry, 3 ed., Freeman, San Francisco, California) can be used to determine
whether an allele of a marker in the locus or a haplotype in the locus associates with a
particular phenotype of the trait under study.

Haplotypes can be constructed using the marker information that is identified
in step 610 using conventional techniques. Such techniques include, but are not

limited to those disclosed in Stephens et al. 2001, Am. J. Hum. Genet, 68:978-89, Liu
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float * cmn_peak_profile; /* store common peak profile short element
SIZE[4]; int num_ELEMENTS[4]; int data OFFSETI[4]; printf( "ARGC IS
%d\n", argc); if( argc != 2)( printf(" USAGE : splitrace filename"); exit(D); }
STR_LENGTH = strlen( argv(l]); STR_LENGTH = STR_LENGTH + 5;
printf(" filename length is : %d",STR LENGTH); flename = (char *)mallo_c(
STR_LENGTH * sizeof(char)); strcpy(filename, argvl[l]); 39 Splitrace.c if

(emsz@momnaﬁma,fnww&nw Ubastprinéi(aerrooouikied 0ega. Abio7-

filg: %s fI . exit (. if('feo Bl)) {fread(&str
SL A RS RN ik e Bty ompuaiona
it(ml@tyupf(mmm)mmg qmmrtf:(éf&ﬁi%m%&cmraﬁbﬁbp%ﬁdﬁan statistical

\%Mﬂﬁ'ﬂ?ﬂ%ﬁ X O%obrla8Y 1G( hay g‘%ﬁ%g@% NGTTH *

sizeof(char)); file stait = cha ma ocC * sizeof(char));
file end = (char *)mailer ( STRLENGTH * sizeof (char) FILET = (char

)mall oS PR FNGE TS dgangéq;@;p, ﬂ@%ﬁ%odfﬁx Rg%%%gg&&%m .

STRLENGTH * sizeof(char)); XLFIL char
drsohen st mE lgtﬁcmmém@ﬂw s for assomatmg loci with a trait

exhibited by one or more organisms in a plurality of organisms of a species (e.g., a
single species). In some instances, the locus is a gene and it is associated with the
trait by identifying a marker within that gene that associates with a particular
phenotype exhibited by a portion of a cohort group. In some embodiments of the
present invention, the trait of interest is a complex trait, such as a disease, e.g. a.
human disease. Exemplary diseases include without limitation allergies, asthma, and
obsessive-compulsive disorders such as panic disorders, phobias, and post-traumatic |
stress disorders.

Exemplary diseases further include autoimmune disorders such as Addison’s
disease, alopecia areata, ankylosing spondylitis, antiphospholipid syndrome, Behcet’s
disease, chronic fatigue syndrome, Crohn’s disease and ulcerative colitis, diabetes,
fibromyalgia, Goodpasture syndrome, graft versus host disease, lupus, Meniere’s _
disease, multiple sclerosis, myasthenia gravis, myositis, pemphigus vulgaris, primary
biliary cirrhosis, psoriasis, theumatic fever, sarcoidosis, scleroderma, vasculitis,
vitiligo, and Wegener’s granulomatosis.

Exemplary diseases further include bone diseases such as achondroplasia,
bone cancer, ﬁbrodysp'lasia ossificans progressiva, fibrous dysplasia, legg calve
perthes disease, myeloma, osteogenesis imperfecta, osteomyelitis, osteoporosis,
paget’s disease, and scoliosis. Exemplary diseases include cancers such as bladder
cancer, bone cancer, brain tumors, breast cancer, cervical cancer, colon cancer,
gynecologic cancers, Hodgkin’s disease, kidney cancer, laryngeal cancer, leukemia,
liver cancer, lung cancer, lymphoma, oral cancer, ovarian cancer, pancreatic cancer,
prostate cancer, skin cancer, testicular cancer, and the like,

Exemplary diseases further include genetic disorders such as achondroplasia,
achromatopsia, acid maltase deficiency, adrenoleukodystrophy, Aicardi syndrome,
alpha-1 antitrypsin deficiency, androgen insensitivity syndrome, Apert syndrome,

dysplasia, ataxia telangiectasia, blue rubber bleb nevus syndrome, ca.nav:in disease,
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strcpy(file_start, token); printf(" Token is : %s\n", token); token =
strtok(NULL,"."); strcpy(file_end, token); printf(" Token is :. %s\n", token);
printf( Filesstart is %s Fileend is %s", file start, file-end) strcpy(FILE1, file
start); strcat (FILE1,"-a. "); strcat(FILE1, file_end); printf( " FILE1 is :
%s",FILE1); strcpy(FILEZ2, file start); strcat (FILEZ2, "b."); strcat(FILEZ2,
file_end); printf( " FILEZ2 is : %s",FILE2); if ((outlABI = fopen(FILE1, "wb"))
=GriNt ch){spridtbHERRsti c dibkebsigtdpen-Rbidfie.t6stamoni RHegty; exit(0);

Yt ((QUIZABI = fapen(FILE2 S\1/‘\5b =5 NULL rintf "ERR@: couldugot
open th)?%ﬁlsea‘%s cﬁ%&rﬁ‘g EIPESS Y d% 1 S VR B AR HIS B g g ucher
SHISST Y bm@hrm@a)psi&(@mmm#iﬁawﬁ ivele, Hudetidyhdrome,
G R e e e R R e
flseRESophABIE dpimedree, ddeassyniiprrerdberbing isplemdile
mucopolysaccharidosis (mps), nail patella syndrome, nephrogenic, diabetes insipidus,
neurofibromatosis, Niemann-Pick disease, osteogenesis imperfecta, porphyria, Prader-
Willi syndrome, progeria, proteus syndrome, retinoblastoma, Rett syndrome,
rubinstein-taybi syndrome, Sanfilippo syndrome, Shwachman syndrome, sickle cell
disease, Smith-Magenis syndrome, Stickler syndrome, Tay-Sachs, thrombocytopenia
absent radius (tar) syndrome, Treacher collins syndrome, trisomy, tuberous sclerosis,
Tumer’s syndrome, urea cycle disorder, Von Hippel-Lindau disease, Waardenburg
syndrome, Williams syndrome, and Wilson’s disease.

Exemplary diseases further include angina pectoris, dysplasta, atherosclerosis/
arteriosclerosis, congenital heart disease, endocarditis, high cholesterbl, hypertension,
long qt syndrome, mitral valve prolapse, postural orthostatic tachycardia syndrome,

and thrombosis.

Example 3. The methods of the present invention were tested by using the
software program in the Computer Program Listing Appendix to perform SNP
discovery and genotyping of the human gene HRMT1L3 (NCBI accession number
NM_019854; Strausberg ef al., 2002, Proc. Natl. Acad. Sci. U.S.A. 99:16899-903)
using genomic DNA samples from 32 Europeans. HRMTIL3 is a protein arginine
N-methyltransferase, located on human chromosome 12, around 3.5 Mb. It has ten
exons, covering a 102.38 Kb genomic region. Because most of the genomic regions
covered by HRMT1L3 are intronic regions, a decision was made to only genotype its
exonic and regulatory regions. A total of 48 pairs of PCR primers were designed.
Together, the primers cover a total of approximately 30 Kb of genomic region as
illustrated in Fig. 7.

A total of 48 PCR reactions were performed on each of the 32 European
genomic DNA samples, and both strands of the resulting amplified PCR products
were sequenced. In total, 48 x 32 x 2 = 3072 amplicons were sequenced. The length
of each amplicén is about 650 bp. Therefore, about 48 x 32 x 2 x 650 = 1996.8 Kb

were sequenced. If these sequences were analyzed by a human with assistance of
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fseek(inABI, O,SEEK_SET if(! feof(inABI)) fread(&str, sizeof(char), 4,
INABI); printf("str is %s\n",str); } fseek(inABI, 18, SEEK_SET);
fread(&num, sizeof(long), 1, inABT); print'("int is %d\n",num);
fseek(inABT, 26, SEEK SET); -read (&startoff set, sizeof (long) , 1, inABI)
printf("int is %ld\n",startoffset) f seek(inABI, startoff set, SEEK SET); for( i
= 0; i < num; i++ { printf("%d i); fread (&abidataline, sizeof( struct abidata),
FaRYBHonak N eofsvoas Suehica e avenekandYepeimdden G orporation, Ann

alistataling: oW mBeLruRH 0 dpa abidatating Hatay YA can analyze

printf("%hd ",abidataline.elementSize); printf('f%d

+

SUBRARARE AL AER ATRPRETIS iR Come CamaritTRaoRat arankinnl)y display

poi{iopdnmakidntalne Sataf{feet) aspreeninesy-o7s RI{IRABRor an
== 0){ if(abidataline.tagNumper ==

[ line, , DATA" .
ﬁé@@gﬁ%ﬁ%ﬁﬁ%ﬁ}}ﬁfé}ﬁaﬁ%ﬁéﬁ@%ﬁﬁ%ﬁtog?zéfm@am

adwiafp M e kenh eoliSiz @]l dtatafoERGE THOAFerahicdtpline. gaaedffseiours
cel = (short * lloc(abidataline.nu %em * sizeof(short, )
e S R R b s o of
stsienatn clsiomtet SitensabitiarethndsrmfitiE IprosmtsnmédBhn ) as embodied in
iiabidataline fagiurabes =3 ﬂa%e{dwﬁéﬁ@%sﬁ%ﬁ dix detailed
abidata ine.numEIementsS; element SIZEIT) = abidata |nnég.éA'EB%1ent cfze;
in Table 1, it takes less than five minutes to completely analyze all 3072 heterozygous
waveforms, or 1996.8 Kb of sequence, including quality checking, splitting
heterozygous waveforms to homozygous waveforms, performing SNP discovery and
collecting allele information. A total of 44 SNFs were discovered in the analyzed

nucleic acid sequences.

Alternative Embodiments

The foregoing descriptions of specific embodiments of the present invention
are presented for purposes of illustration and description, and are not intended to be
exhaustive or to limit the invention to the precise forms disclosed. Many
modifications and variations are possible in view of the above teachings. For
example, reference was made to an input chromatogram 46 that includes a trace for
each of the four possible bases: adenine, guanine, cytosine and thymine. However,
the present invention is not limited to nucleic acid sequences having such bases. In
fact, any bases, including but not limited to any purine or pyrimidine derivatives, can
be used in the present invention so long as they are differentially labeled with unique
fluorophores or other labeling reagents. For example, such bases include without
limitation those disclosed in WO 98/16539 (Novo Nordisk A/S), WO 98/04126
(Rhone-Poulenc Rorer Pharmaceuticals Inc.) , WO 98/01459 (Novo Nordisk A/S),
United States Patent 6,492,348 to Bays ef «l., United States Patent 6,005,096 to
Matteucci ef al., Inoue er al., 1987, Jpn Kokai JP 62059293, Prober et al., 1987,
Science 238:336-41, Sung, 1981, Nucl. Acids Res. 9(22):6139-51, Sung, 1982, J. Org.
Chem. 47:3623-28, Draper, 1984, Nucleic Acids Res. 12(2):989-1002, Draper 1986,
Anal. Biochem. 157(2):199, European Patent Application 063879, and PCT

Application No. PCT/US84/00279.
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data OFFSETI[1) = abidataline.dataOffset; trace2 = (short *)
malloc(abidataline.numElements * sizeof (short) fseek(inABI, abidata line.
dataOffset, SEEK-SET) ; 41 Splitrace.c fread(trace2,
abidataline.elementSize , abidataline.n=Elements inABI) }
if(abidataline.tagNumber == 11) { numELEMENTS[2] = abidataline.
numElements; element SIZE[2] = abidat aline.e 1lementSize; data
OFFSET[2] = abidataline.dataOffset; trace3 = (short *)

malloc(abidataline. numfgamanis caaealERradere(INABI,
abidataljine.dataOff set, SEEK SET); fread(trace3, abidataline.element5ize

. abidatFRCFRRCR SR REr SRR JOPOMPRERUS A AL 1 RelPrpe - hgly |

aum@laawfaﬂ\hl | ﬁ%ﬁ];éosabtddaﬁawéﬁl@ uﬂ&hegﬁem&ehqiﬁm@maﬁbéo ;ﬁi@iﬁon or .
taline.elementSjze ata a ta set: trace

B AR B A O R RS By @e%.nAm

abintpdraih bydateficedt BRI BED) Aondficaced,

bidat t datal t |
oAl LSRN S R e e BB B e )
Précedes C(%ﬁ@rtm)mtmm@édmﬁmﬂ_@ﬁﬂﬂﬂ@(@ﬂ%izehﬂ(sfbw@ablcraﬁe% =
{EhRr ) mallecs Begpﬁhééﬂ:ﬁé\%@éﬂ&o%wﬁ%@mﬁs? SRASH

malloc( numELEMENTS[ﬂ&sme short)); traceda ort *) ma
oA e RFTESEited e latfascetpnicrapisied) Fﬁsﬁl@é@dﬂd that the

b el MERHERIVbE 87N 8DeRD Xollowing claims and their equivalents.
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trace2b = (short *) malloc( nuUmELEMENTS[1] * sizeof(short)); trace3b =
(short *) malloc( numELEMENTS[2] * sizeof(short)); trace4b = (short *)
malloc( num_ELEMENTS[3] * sizeof(short));
fill_traces(num_ELEMENTS,tracel, trace2,trace3,trace4,tracela,
trace2a,trace3a,traceda,tracelb,trace2b,trace3b, trace4b); * Added on
07/22/2003, Guochun Liao * split trace happen here, 4 steps * step 1:
scan traces, identify complete and clegnngegg; step 2: build common
peak profile using peaks with common F)eaﬁ< Spacing * step 3: identify
overlapping peaks * step 4: split overlapping peaks

MV St Mol S bty it i Reeiniad Sl Sl S

42 Splitraeegic s* & stepd value indidates 3 status: 0 nothing; 1 peak
locatifsther aditser indicates peak spacing, ™ the index is the start of

peak.yalue stared,in status arrays,Ustatus = (int *) malloc( num
ELEMENES[]73sizeof(int)); t2status = (int *) malloc( num_ELEMENTS]I]

* siiééf(‘l’h’f)*)’i*fé*sféfﬁé*é (int *y mMafloc i ELEMENTS[2] * sizeof(int));
t4status = (int *) malloc( num_ELEMENTS[3] * sizeof(int)); scan-trace
(nuinELEMENTES[0}, IGNORE DATA INDEX, tracel, tlstatus); scan-trace
(ndiT EtEEMENITS[T], IGNORE DATA INDEX, trace2, t2status); scan

trage: (Rum-ELEMENTS[2] iI6NQRERATA » . INDEX, frace3, t3status),,
scédh-trace (FemELBMENT S{8] - IGNOREDA FANNBE X traced; tdstatus); space

1* detstnlifie: Bickgratnd HEak e 77 REHING j .
aV@ggggggrei%g%gg@égﬂ?fbei?kgréund%eéaa;ﬁ%%r%ﬁwsif?m 2t that index

backgrbureepetikoanssiotabpesk eounkt G:dsdef peak space
< ant i £ P iti
avg, HackBEIRdshEaK TRIu¥ pAKDrdinG peaR EBUNE *FBIge she position as
avgr haCkegtoiuagde peakik value-r-aydudrackgrotns: peaksvalderhitetak sprrrren
peak’ count * 0.1);
cormst int TRACE_STATUS NOTHING = Q;
const int TRACE _STATUS PERK = 1;
const int TRACE STATUS_OVERLAP FERK = 2;
const int TRACE_STATUS_OVERLAP PEAK SPLITTED = 3;
const int TRACE_STATUS_VALID PEAK = 4; /* used to mark the start and end of
valid peak range */
const int TRACE STATUS_CROWD_PEAK = 5; /* used to mark the crowd peak */
const int TRACE_STATUS_PSEUDO_CVERLAP PEAK = &; /* used to mark pseudo-
overlap peak, treated as peak */

/* ignore first/last 100 data points */
const int IGNORE DATA INDEX = 50;

/* number of points checked at sither side of a peak to determine if it's a
peak */

/* should between 4~5 */

const int PEAK DETERMINE CHECK WINDOW LEVEIL ONE
/* should arcund half of level one */ -
const int PEAK_DETERMINE_CHECK_WINDOW LEVEL TWO

fl

4;

2;

/* ignore number of peaks after ignored first/last data points */
/* minimum number is 1 */

const int IGNORE_START_PEAK NUM = 10;

/* igncre number of peaks from end */

const int IGNORE END PERX NUM = 10;

/* minimum peak value requirement */

const int MIN PEAK VALUE = 150;

/* maximum peak start point value requiresment */
const int MAX PEAK START_VALUE = 15;

/* maximum peak end point value regulrement */
const int MAX FEAK END VALUE = 50;

/* maximum allowed peak space, never over B0 */
const int MBX PEARK_SPACE = 50;

/* minimum allowed peak space */

const int MIN PEAK SPACE = 10;
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[* step 1.1 /* mark the start and end of valid peak range by * ignore first
and last idicated number of peaks mark_valid_peak_range
(num-ELEMENTS, tlstatus, t2status, t3status, tlstatus); /* step 2 */ /* scan
status arrays to determine the common peak spacing, then build common
peak profile * using only peaks with common peak spacing
cmn_peak_space = get_cmn peak spacing (hum_ELEMENTS, tlstatus,
t2status, t3status, tistatus); printf ("common peak space is %d\n",
cmn_peak_space); umn peak profile =gfiaatt) analloc( cmn_peak_space *
sizeof(float)); build cmn-peak_profile (num_ ELEMENTS, tracel, trace2,
trace3, trace4 tistatus, t2status, t3status, t4status, cmn_peak_profi'_e,
cmri . aceyreft step2rbtid*walculate background peaksealculate; «/
_avg, h@gﬁﬂp eﬁéé@{@@iﬁﬁ@%mé[}l IS, lstayus, tstatus, t3status,
t4status; tfaﬁeiavma@eaa,ma@e a, &Wa d*sstep 3 and 4 */ 43 Splitrace.c
I* ld/enﬁh?lﬁ\?érl?gh?g pEaks arid splfethent ¥ splittrace. Ler peak is a clean and

(nuBr-ELEMENTS, Ustatus, 2status, $3skatus. Mstatus,
cmm* piﬁﬁim§WCﬁNEQWHmH%rp6ﬁi 08PBLL, data point compared to common peak profile,
tracﬂ&“%gj%ftr‘a’é&%\ ?rade4a tracelb, trace2b, trace3b, trace4b)

PEA
Wr|t@‘= tiéﬁﬁnu%%ﬁ%& §k @Lec%ng§clgl% Qﬁggys between 1 and 2 */
OFESET tracelaptraveResiraceldaztracedan:p write files(out2ABI, num

ELI‘:‘K/IEN‘FS:’eéI‘eﬁiéﬁttSIZEn%TéFa OFFSET tracetssracelba tfacedhext next data

tracelbyntatallings <M ELEMENTSH] for(jmek:) < totallines ;j++){
fprlnt“f(outXL " 9od\t %d\t %d\t %d\t \t %d\t %d\t %d\t %d\n”, -trace

I

| rSEEZ Higees ’Jﬂ%\ﬁﬁﬂiﬁ'ﬁﬁ?ﬁ%&iﬁf@%ﬁ@A’;t%%?é“ém*t“staﬁus) e

i1 theré are more an

tracsldws_trage 24z itased++, trac ' ;

* peaks, all those peak will be identified as TRACE STATUS CROWD PEAK

* . - - -

const int CROWD_PEAK THRESHOLD = 3;

/* parameters used to determine if there is shift */

/* widnow bigger, max percent smaller */

const int TRACE_SHIFT CHECK PEAK WINDOW = 50;

const float TRACE SHIFT MAX PERCENT = 0.25;

/* may peak width allowed */

const int MAX ALLOWED_PEAK WIDTH = 30;

/* average backgroupd pbak factor, a psak will be treated as background if
* its peak value less than MIN PEAK L VALUE times BACKGROUND PEAK FACTOR */
const float BACKGROUND_PEAK FACTOR 2.0;

/* GLOBAL VARIABLES */

int cmn peak space; /* common peak spacing, as global variable */
int avg_background pesak value = 0;

int background pesak count = 0;

int total peak count = 0;

/**********************-}e-k** STRUCTURE *****w**********************/
struct abidata

{

char nama[41; /* Four ASCII character name, like "DATA" */

int tagNumber; /* Distinguishes fields with the same name for examplie:
DATRI, DARTAZ, ... , DETA1IZ */

short data typs; /* Denotes the type of data 4 = integer */

/* 7 = float, 10 = mm/dd/yy i1 = bh/mm/ss */

/* 18 = pascal string, 1024 = some sort of structure */

short elementSize; /* The size of each slement. */

int numflements; /* The number of elements. */

int recordLength; /* The length of the whole record. */

int dataCffsetr; /* The offset from the beginning of the Ffile to */

/* the start of the record, unless the recordLength */
/* is less than 4, in which case it contains the */
/¥ actual data. */

int unknown; /* Usually 0, but seems fo change with the editing */
/* of the file, */
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tistatus++; t2status++; t3status++; tlstatus++; } close(outXL); fclose(out
IABI); close(out2ABI); fclose(inABI); /* free all memory used free(tracel);
free(trace2); free(trace3l); free(traced); free(tracela); free(trace2a);
free(trace3a); free(traceda); free(tracelb); free(trace2b); free(trace3b);
free(trace4b); printf ("avenge background peak value is %d, over %d
background peak, with %d total peaks\n", avg_background_peak_value,
background_peak_count, total_peakSeda#§:¢ /* calculate average
background peak void calculate_avg_backgroundpeak (int *num,int *sl, int
*sg::’irjll j*sg,:imff?,*sht)ﬂ* *tly ﬁ@@gﬂtmﬁ, short*t3oshort *t4 { int
nup, elementsfal, i, K.m, min_element_num; short * pt4], *ptrace, *tp;
in<-ps[4], Zpstatus, *spi-d* initialize ¥/ ptidl= th 44.Splitrage. & pt 11 =127

vold write files{FILE * ,int *, short *, int *,short * , short *, short *

short *);

vold scan trace {int, int, short *, int *j;

int get cmn peak spacing (int *, int *, int *, int *, int *};

vold build_cmn peak profile (int *, shert *, short *, short *, short *, int

¥, int *, int *, int *, float *, int):

void calculate_avg_backgroundmpeak {int *, int *, int *, int *, int *, short
*, short *, short *, short *):

vold split_trace(int *, int *, int *, int *, int *, float *, int, short *,
short *, short *, short *, short *, short *, short *, short * );

int is_peak (short *, int *);

int peak size (short *);

int overlap_peak ( int *, int *, int *, int *, int *, short *, short *, short
*, short *, int);

void reassign profiled peak {short *, short *, int, flest *, int):

vold mark_valid_peak range (int *, int *, int *, int *, int *):

/**s’ev‘r********y‘e***********i«** NLAIN FUNCTION ************iﬁ:**w**-k*ir-k*-k***/
main{int argec, char * argvil)
{

FILE *inABI;

FILE *outlABI;

FILE *out2ABI;

FILE *outXL;

struct abidata abidataline;

char *filename, *token,*file start, *file end, *FILEl, *FILE2, *XLFILE;
int key.i,3,k, keyl, totallines, STR_LENGTH; -

long num,startoffset, currentpos;

char str(5);

short *tracel, *trace?, *trace3, *traced; /* original trace read in */

short *tracela, *tracela, *tracelas, *traceda; /* modified set A */

short *tracelb, *traceZb, *trace3b, *tracedb; /* modified set B */

int “*tlstatus, *t2status, *ti3status, *tdstatus; /* status for each data
point of trace */

/* int cmn peak space; common peak spacing */
fleoat * cmp_psak_profile; /* store common peak profile */

short element SIZE[4];
int num ELEMENTS[4];
int data OFFSET[4];

printf{ "ARGC IS %d\n", argc);
if{ arge 1= 2}
printf (" USAGE : splitrace filename");
exit (0} ;
}
STR_LENGTH = strlen{ argvill);
STR_LENGTH = STR_LENGTH + 5;
printf({" filename length is : %d",STR_LENGTH);
filename = {char *jmalioc/{ STR_LENGTH * sizeof{char)):;
strepy{filenamse, zrgviil]):;
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Pt [2] =t3; pt[3] =t4; ps[0] = Si; ps[1ll =s2; ps[2] =s3; ps[31 = s4; for (i
=0;i<4;i++) {nun-elements[i] = *num; - num++; } /* get minimum
element number min element_num =99999999; for (i=0;i< 4 ;i++) {if (
num_elements[i] < min_element_num { mm n element num = num
elements]i]; } /* scan status to calculate background peak
avg_background_peak value = 0; background_peak_count = 0; for (i =
IGNORE-DATA-INDEX; i < min_elemgpiit-g-8)c IGNORE_DATA_INDEX;
i++) {for (j=0;j<3;j++ {intisbg =0; ptrace = pt[j] +i; pstatus = ps]j]
+i; /% examined posiign:should.be.a peak if Fpstatus 1= TRACE
STATUSIRPEAK ){: continue;t} ﬁb@fmt?sspe’akg shaulecompareswith rest 3
traces Fo(k = 0; k < 3; k ++) {if (k) { continue; } for (m = 0; m <=
MAX; OVERLAP _PEAK_GAP * 2; m++) {sp = ps[k] + i - MAX OVERLAP

PEAK GAP
ifeof(lnABI})
{
fread{&str, sizeof{char), 4, inABI):
str{d] = '\OQ';
printf{"str is %s\n",str);

}

if (stromp (str, "ABIF") != 0){
printf{"ERR : %5 is not an Abi file. \n\n", filename):
exit{0};
}
token = (char *)malloc{ STR_LENGTH * sizeof({char));
file start = (char *)malloc{ STR_LENGTH * sizeof!char));
file_end = {char *Ymalloc! STR LENGTH * gizeof (char));
FILEl = {char *Jmalloc/{ SWR_LEN TH * sizeof(char));
FILE2 = (char *imalloc! STR_LENGTH * sizeof{char)):
XLFILE = (char *imalloc( :TR LENGTH * sizeof{char));
token = strtok({filename,".");
strepy(file start, token);
printf (" Token is 1 %s\n"™, tcken):
token = striok(NULL,".");
stropy{file_end, token):
printf{" Tcken is : %s\n", token);
printf (" Filesstart is %5 Fileend is %s", file start, file end);

strepy (FILEL, file start):

strecat (FILELl, " &.");

strcat (FILEL, file _end) ;

printf{ " FILE]l is : %s",FILEL);:

strepy (FILE2, file start)

strcat (FILEZ, " b. "

strcat (FILEZ, file _end) ;

printf{ "™ FILE2 is : %s",FILE2)};

1f {({outlABI = fopen(FILELl, "wb™)) ==
printf("ERR : could noct open Abi file
exit (0);

)

)
s A\n\a",FILELl};

if ((out2ABI = fopen(FILEZ, "wb"}} ==
printf ("ERR : could not open Abi file
exit(0);

}

strepy (XLFILE, file start);

strecat (XLFILE,".xls");

)
s .An\n",FILE2);

3f {{outXL = fopen({XLFILE, "w"})} == NULL) {
printf{"err: could nct open excel file\n.\n");
exit (0);

}
fseek (inABI, 0, SEEK _SET );
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to = pt[k] + i - MAX OVERLAP PEAK GAP + m; if ( *sp ==
TRACE-STATUS-PEAR && (*tp * MIN OVERLAP PEAK RATIO) >
*ptrace - { neighbor is peak and bigger, so this is background
avg_background_peakvalue += *ptrace; background peak count ++; m =
MAX_OVERLAP_PEAK_GAP *2 + 1; /[* out loop k =4; break; }}/* end
of mloop }/* end of k loop } /* end of | loop */- } /* end of i loop */ 45
Splitrace.c if ( background peak count® & background_peak_count <=
10 {a\/g_backgrpund_peak_value 10; }else {
avg_“ﬁjiggé'rﬁ@@g;ﬁ@;%\@lue background_peak count;
avg_backgresmndnnaak; value / (total_peak count * 0.1);*/ } } identify
overlap peaks @ndl splititefualify void split_trace(int *num,int *sl, int *s2, int
*s3, int *s4, float *profile, . int profile-size, short *al, short *a2, short *a3,
short *a4, short *%I: short *BZ, short *b3, short *b4 | int num_elements[47,

i, j, min element_num, abswitch, valid_peak_region, void overlap_peak,
last Qv|p_tp§§lg;)§hggp’i%éal ; *ptaR, *pta3, *ptad, *ptbl, *ptb2, *pth3, *ptb4;
int *psksps2a8ps3stpsdentall_peak court;
if (! feof {inABI)}
i
fread(éstr, sizeof (char}), 4, inARI) ;
printf{"str is=s Fs\n",str};

}

fseek{inABI,lB,SEEK_SET);

fread{&num, sizeof{long), 1, inABT);
printf{"int is %d\n", num);
fseek{inABI,26,SEEK_SET);

fread{&startoffset, sizeof(long), 1, inABI);
printf("int is %ld\n", startoffset);
fseek{inABI, startoffset, SEEK B3ET):

fFor{ i = 0; i < pum; i++ y

{

printf("%d ", i};
fread(éabidataline, sizeof{ struct abidata), 1, inABI);

printf{"name is %s ",abidataline.name};
printf("%d ",abldataline. tagNumber);
printf{"shd ", abidataline.datz type);
printf("shd ",abidataline.eleﬁentSize);
printf("sd ",abidatzline.numBlements);
printf("sd ",abidataline.recordLength);
printf{"sd\n ",abidataline.dataCifset);

currentpos = ftell (inABI);

if({stremp (abidataline.name, "DATA") == M
if(abidataline. tagNunber == 9)
¢
num_ZLEMENTS [0}

abidataline.numElemehts;
element SIZE[0] ;

abidataline.elementSize;
data OFFSET[C] abidataliine.dataOffset;
tracel = {short *) malloc{abidataline.numElements * sizeof {short));
fseek (inABI, abidataline.dataOffset, SEEK SETY;
fread{tracel, ablidataline.elementliza ,aBidataline.numElements,

]

i

inABRI);
}

if (abidataline. tagNumber == 10)
{

f

num_ELEMENTS 1] apidataline.numBElements;

. element SIZE[1] = abidataline.elementSize;
data OFFSETI[1] = abidataline.dataQffset;
trace? = (short *) malloc(abidataline.numElements * sizeof {short}};

fseek (inARBI, abidataline.dataCffset, SEEK SET)

r
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[* initialize for (i =0; i< 4 ;i++) { num elements[i] = *num; num++;} /* get
minimum element number mm element num = 99999999; for (i=0;i<4
; i++) {if ( num_elements[i] < min_element_num { mm n element num =
num elementsJi]; } scan status to identify overlapping peak /*
valid_peak_region = -1; for (i = IGNORE-DATA-INDEX; i < mm n element
num - IGNORE DATA INDEX; i++) ptal =al +i; pta2 =a2 +i; pta3=a3 +
i; ptad = a4 +i; ptbl = bl +1i; ptb2 = EDitrgeqth3 = b3 +1i; ptb4 = b4 +1;
psi=si+i; ps2=s2+i; ps3=s3+i; ps4 =s4 +i; 46 Splitrace.c /* only
process peak.withit-valig peaksegions tf2p$di77 | avidataline. numblements |
TRACELSTATUS-VALID-PEAK * { * valid peak region *_ -1; * printf ("valid
peak at %d\n", i); if (valid_peak_region > 0) */ if (overlap
peak(numelements, psi, ps2, psi, ps4, ptal, pta2, pta3,
if{abidataline.tagNumber == 11)

{
nue ELEMENTS[2] abidataline. numElements;
element SIZE[2] abidataline.elementSize;
data OFFSET[Z2] abldataline.dataQffset;
traced = (short *) malloc(abidataline.numfElements = sizeof {short});
fseek {inABI, abidataline.dataoffset,SEEK_SET);

fread({tracel, abidataline.zlementSize (abidataline.numElements ,

B

inART) ;
}

if(abidataline. tagumber == 12)
i
num_ ELEMENTS [ 3] abidataline.numElements;
element SIZE[3] abidataline.elementSize;
data_OFFSET{3] = =abidataline.dataOffset;
traced = {short *) malloc(abidataline.numElements * sizeof {short));
fseek (1nABI, abidataline.dataOffset, SEEK SET);
fread{traced, abidataline.slementSize ,abldataline.numElements ,

i

inABI} ;
1
fseek (inABRI, currentpos, SEEK_SET) ;
¥
}

/* call function te fill the other 2 Arrays. */

tracela = (short *) malloc! num ELEMENTS [0] * sizeof (short));
traceZa = (ghort *) malloc/{ num ELEMENTS[1] * sizeof (short));
trace3a = (short *) malloc({ num_ELEMENTS{Z2] * sizeof (short)):
traceda = [short *) malloc({ num ELEMENTS[3}] * sizeof(short)):
tracelb = {short *) malloc{ num_ELEMENTS[0] * sizeof{short));:
traceZb = (short *) malloc{ num_ELEMENTS[1] * sizeof(short)):
trace3b = (short *) malloc( num ELEMENTS[2] * sizeof(short));
traceib = {short *) malloc{ num_ ELEMENTS[3] * sizeof(short));

= ™

£ill traces{num ELEMENTS, tracel,
trace2,traceB,t:aceé,tracela,traceZa,traceBa,trace4a,tracelb,traceZb,trace3b,
tracedb);

/v‘c-k-i-*-ﬁrv‘r-k-k'k*-k*-k*****—**************w********-‘c-}.-*-k********************i—*+**1‘r**v‘:*~k

* ok
* Bdded on 07/22/2003, Guochun Liao
* split trace happen here, 4 steps
* step l: scan traces, identify complete and clean peak
* step 2: bulld common peak profile using peaks with common peak spacing
* step 3: identify overlapping peaks
* step 4: zplit overlapping peaks

**ir***********************************\k*******‘*************w***************'ﬁ:*
*
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pta4, i) { /* printf ("overlapping peak identified at position%d\n", i); }} /*
scan status to identify potential in/del shift * if shift identified, void all
overlapping peaks after the shift site void-overlap-peak = 0;
‘last_ovlp_peak = IGNORE_DA.TA INDEX; all peak count = 0; valid peak
region = -I; for (i = IGNORE-DATA-INDEX; i < min-element-n= -
IGNORE-DATA-INDEX; i++) int peak_count, ovl.p_peak_count,
pseudo_ovlp_peak_count, check winGd8l¥asuft; psi=sl +i; ps2=s2 +i;
ps3 =s3 +i; ps4 =s4 +i; /* only process peak within valid peak region if

( *psI'== TRACE_STATUS VALID PEAK { valid_peak_region *_-1;
printf{"valid peak at %d\n", i); } count rough base pair position if ( *ps1

== TRAGE:STATUS REAK:He #pS2 5 ckRAGE 1STATUS.RPEAK J1ps3 Tamer
TF%‘AQEjﬁéFAWS PEAR?-ns4 TRACE STATUS-PEAK { ali peak_count

++: if {all“peak count == 227 Y{ printr (‘base 227°5° obdi™ 57 IV

rest overlapping! peak if vaitbovedapLpeak is true if ¢acidi-averlap_peak
{if (CpSES TRACESTATHSY EReD F@ 3

{-gﬁeffngmqlz_ STATUS
PEAK: ik {3ps2 S TRAGELSTALY P BPEAK )£ 3ps2 =
TRACE STATUS PEAK;

scan_trace (num_ELEMENTS[O], IGNORE_DATA INDEX, tracel, tlstatus)
scan_trace (num ELEMENTS[1], IGNORE_DATA%INDEX, traceZ, t2status)
)
)

scan_trace (num ZLEMENTS[2], IGNORE_DATA INDEX, trace3, t3status);
scan_trace (num ELEMENTS[3], IGNORE_DATA INDEX, traced, tidstatus);
/* determine background peak value */

/* see calculate_avy background peak */

/* 1f { background peak count > 0 )

*

if { background peak_count > total peak count * 0.1 )

{

avg_background_peak value /= background peak count;

}

else

avg_background_peak value = avg_background peak value /
{total peak count * 0.1);

}

}

5o
L
F
*
*
* 1
*
t
*
*

*/

/* step 1.1 */
/* mark the start and end of valid peak range by
* igrnore first and last idicated number of peaks
*/
mark_valid peak_range (num ELEMENTS, tlstatus, t2status, t3status,
tdstatus);

/* step 2 */
/* scan status arrays to determine the common peak spacing, then build
common peak profile
* using only peaks with common peak spacing
=/
cmn_peak_space = get omn_peak_spacing (num ELEMENTS, tlistatus, t2status,
t3status, tistatus);
printf {"common peak space is %d\n", cmn_peak space);

cmn_peak profile = (float *) malloc{ cmn_peak space * sizeof(float)):
build cmn peak profile {num_ELEMENTS, tracel, trace2, tracel, traced,
tlstatus, tZstatus, t3status, tidstatus, cmn_peak profile, cmn_peak space);

/* step 2.1 */

/* calculate background psak */

calculate_avg background peak (num ELEMENTS, tlstatus, t2status, t3status,
tdstatus, tracela,tracela,tracela, traceda):

/* step 3 and 4 */
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47 Splitrace.c if (*ps3 TRACE_STATUS_OVERLAP_PEAK) { *ps3 =
TRACE-STATUS-PEAK; }if *ps4 ==
TRACE_STATUS_OVERLAP_PEAK ) { *ps4 = TRACE-STATUS-PEAK; }
else if (*psi == TRACE STATUS OVERLAP PEAK Il *ps2 ==
TRACE_STATUS_OVERLAP_PEAK Il *ps3 == TRACE STATUS
OVERLAP PEAK |) *ps4 == TRACE-STATUS - OVERLAP - PEAK Il *psi
== TRACE_STATUS_PEAK Il *ps2 TRACE STATUS PEAK Il *ps3 ==
TRACE_STATUS_PEAK Il *ps4 TRACE'E€TATUS PEAK check window

(:oun'([{i = %\% peak count = 0; ovlp_peak_count = 0;

pseudo, V1 peak “Eaifat, ::lggpefﬁlfsqf*—m‘il;dﬁ@ﬁﬁnt@érﬁént num - IGNORE
DATA INDIEX.J#:+}{ shiegkaniigow Count ++ Bsi ='sl +7, 582'=53 ¢}
ps3ersd s fragsdaztgdet jriff2psl mrrPRACE : SEAT US RBEAK Y de4n) ;
peak-count ++; | if ( *psl == TRACE_STATUS_OVERLAP_PEAK){

ovlp_peak_cauntsht] 3z if f-pSirERAGE
-STATYUS _PSEUYDEO_OVERLAR: BEAK -pSeudeco\pt peakacount ++; | if

(*psdir TRACE STATUS PERAK [T neak count &+ If ( *ps2 == TRACE
STATUS OMEREARPEAK:y{sovip peak count ++; } If (*ps2 ==

TRACf‘E STATUS PSEUDO_OVERLAP_PEAK pseudo ovip peak count

++: }if { *pS3 TRACE STATEOS  BEAK ) { peak count ++: } if ( *ps3
TRACESFATIYS 2O VERIAP: REAK ) favip \pesak ccount 444 96(Fps3 ==
TRA@?;?l%ﬂf@@_'ﬁgEﬁﬁ)@:_@VERI:“APEWE"AK *tZstatus, *tistatus, *tdstatus);

trace2++;
tracel3++;
traced++;
tlstatust+;
tZstatus++;
L3status++;
tdstatus++;

}

fclose {outXL) ;

fclose [out lABI) ;

fclose {out2ABI) ;

fclose {inART) ;

/* free all memory used */
free(tracel);
free (trace2);
free{tracel);
free{traceéd);
free(tracela)
free(trace2a);
free{tracela);
free(traceda)
free(tracelb)
free (tracelb);
free(trace3b)
)

free (tracedb

r
printf ("averge background peazk value is %d, over %d background peak, with

8d total peaks\n", avg_background peak_value, background psak count,

total peak count}; - -

}

/* calculate averages background peak */
volid calculate_avg~background_peak (int *npum, int *sl, int *s2, int *s3, int
*s4, short *tl, short *t2, short *t3, short *t4 )
{
int num_elements{4], i, 3, k, m, min_element num;
short * pt[4], *ptraces, *tp:; -
int * ps[4], *pstatus, *sp;:

/* dinitialize */
ptio] = tl;



pseudo_oVv'_p_peak_count +-; } if (*ps4 == TRACE STATUS PEAK) (
peak_count ++; } if ( *ps4 TRACE_STATUS_OVERLAP_PEAK ) {
ovlp_peak_count ++; } if ( *ps4 ==
TRACE_STATUS_PSEUD(D_OVERLAP_PEAK) { pseudo ovlp peak
count ++; ) if ( (peak count + (ovip_peak_count +
pseudo_ovlp_peak_count) / 2) >=
TRACE-SHIFT-CHECK-PEAK-WINDEMW#acE i ( check-window-count >=
TRACE_S HIFT_CHECK_PEAK_WINDOW cmn-peak-space ) */ break; }
}if gtlg 0,*{ovip_peak_count + pseudo_ovlp_peak _count) / (2 peak_count
+ ouplPeak:Bount + pseudo_ovlp_peak count) >= TRACE -
SHIET; AXZPERCENT /* if ( peak count > check_window_count /
(cmps peakspace/2 + 2) (1 + TRACE SHIFT MAX PERCENT) ) */ 48 S
plltra€é2 lc=vefd_overlap_peak=1;} else { psi=sl+i; ps2 =s2 +1i; ps3
= si psﬁo— 4 + ) if (apsi == TRACE STATUS OVERLAP PEAK I
*ps2 q— TRACE STATUS OVERLAP_PEAK Il *ps3 TRACE STATUS
OVERLA‘F’“PE?XK“HS 954 == FRACE_STATUS OVERLAP_PEAK {if (i -
last oylp peék > MAX OVERLAP-PEAK-GAP && valid_peak_region >0

{ last_ovip peak = i; printf (“overlapping peak identified around position
gﬁd /* get minimum element number */
'min_element num = $9999939;
for (i = 0; i < 4 ; i+t+}
{
if | num_elementsli] < min_element num }
{
min_element num = num_elements(i];
i

1

/* scan status to calculate background peak */
avyg_background peak value = 0;
background peak count = {;
for (i = IGNORE_DATA_INDEX; i < min_element num - IGNORE DATA INDEX; i++}
{ -
for {3 = 0; 3 < 3; 4 ++ )}
{
int isbg = O;
ptrace = pt[j] + i;
pstatus = ps{j] + i;

/* examined positiocn should be a peak */
if ( *pstatus != TRACE _STATUS_PEAK } { continue; }

/* if it's peak, should compare with rest 3 traces */
for (k = 0; k < 3; % ++)

if { k == 9 ) { continue; }
for { m = 0; m <= MAX OVERLAP PERK GAP * 2; m++)
{

a pslk] + I - MAEX OVERLAP PEAK GAP + m;

p:

p = pt{k] + i - MAX OV“RLAP P?AK GAP + m;

£ { *sp == TRACE SWATUS PEAK && f*tp * MIN CVERLAP PEAK RATIO)
> *ptrace )

/* neighbor is peak and bigger, so this is background */
avg background peak value += *pirace;
packground peak count ++;
m = MAX OVERLAP PERK GAP * 2 + 1; /* out loop */
ko= 4;
break;
}
} /* end of m loop */
} /% end of k loop */
} /% end of 3 loop */
} /* end of 1 loop */
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around base %d\n", i, all_peak_count); } }} }}/* end of out for loop */
scan status and trace to split overlapping peak ab switch used to indicate
assign splitted peak to either set a if 1, or set b if -1 */ ab_switch = 1; valid
peak region = -1; for (i = IGNORE-DATA-INDEX; i < min-element-nun -
IGNORE-DATA-INDEX; i++) { ptal = al +i; pta2 =a2+i pta3 = a3 +i;
ptad = a4 +i; ptbl =bl +1i; ptb2 =b2 +i; ptb3 =b3 +i; ptb4 = b4 +i; psi
=sl+i; ps2=s2+i; ps3=s3+i; ps4 =s4 +1i; /* only process peak
within valid peak region if ( *psi == TRATEESTATUS VALID PEAK valid
peak _region *_-1; /* printf ("valid peak at %d\n", i) } if ( valid-peak-region
>0 { separate overlapping peak current position must be a overlap-peak
positiop F°C*PEI22-TRACE STATUS_OVERLAP_PEAK ) { 49 Splitrace.c
reassigni frofitadxpeakyptalx ptblnab<switch, profile,

{

avg_background peak wvalue /= 10;
}
else
{
avg_kackground_peak _value /= background peak count; /*=
avg_background_peak value / (total_peak count * 0.1/
}
}
}

/* identify everlap peak, and split if gqualify */

void split trace(int *num,int *sl, int *s2, int *s3, int *s4, float *profile,
int profile size, short *al, short *a2, short *a3, short *ad4, short *bl,
short *b2, short *b3, short *b4 }

!

int num elements[4], i, J, min_element_num, ab_switch, valid peak region,
void_overlap peak, last_ovlp_ peak;

short *ptal, *ptaz, *ptal, *ptad, *ptbl, *ptb2, *pth3, *ptbd;

int *psl, *ps2, *ps3, *psd;

int all_peak count;

/* initialize */
for (1 = 0; 1 < 4 ; A+4)
{
num_elements[i] = *num;
TILme

1

/* get minimum element number */
min_element num = 38999909;
for (1 = 0; 1 <4 ; 1i+4+}
{
if ( num_elements[i]l < min_element num )
{
min_element num = num_elements(i];
}
}

/* scan status to identify overlapping peak */

/% valid peak region = -1; */

for (L = IGNCRE DATA INDEX; i < min_element_num - IGNORE DATA INDEX; i++}
{

ptal = al + i;
ptaz = a2z + i;
pta3d = a3 + i;
ptad = ad + i;
ptbl = bl + i;
pth2 = b2 + i;
pth3 = b3 + 1i;
ptbd = b4 + i;
psl = sl + i;
ps2 = s2 + i;
ps3 = 83 + 1;
psd = g4 + i;
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prof ile_size); /* switch ab switch ab-switch *_ -1; /* indicate split done
*psl = TRACE_STATUS_OVERLAP_PEAK_SPLITTED:; }if (*ps2 ==
TRACE_STATUS.  OVERLAP_PEAK {reassign_profiled_peak (pta2,
ptb2, ab_switch, profile, profile size); /* switch ab-switch */ ab-switch *_
-1; /* indicate split done */ *ps2 =
TRACE_STATUS_OVERLAP_PEAK_SPLITTED; }if (*ps3 ==
TRACE_STATUS_OVERLAP_PEAK é rﬁaa%si%n_profiled_peak (pta3,
ptb3, abswitch, profile, profile size); SWItCH &b switch ab-switch *= -1 /*
indicate split done *ps3 =

TRACE_STATYS.OVERLAP PEAK SPLITIED, Jif(*psd ==
TRACE_STATUS :OVERLAP_REAK drreassign; promed, peak (ptad,
ptb4, ab_switch, profile, profile_size); /* switch ab switch abswitch *_ -1;
J* indicate split doffe 81T o e ),
TRACE_STATWS_OVERLAP_PEAK_SPLITTED; }} }} /* profile peak at
given posﬁi’on, thgg r(egglsiign it to one of two sets/

peak _region > 0 )} ~*
AR S

if ( overlap_peak (num_elements, psl, ps2, ps3, psd, ptal, pta2, pta3,
ptad, i} )
{
/* printf (“overlapping peak identified at position-%d\n%, 4i); */
}
h

/* scan status to identify potential in/del shift
* if shift identified, void all overlapping psaks after the shift site
*/
void overlap peak = 0;
last_ovlp peak = IGNORE DATA INDEX;
all peak count = 0;
valid peak region = -1;
for (i = IGNCRE_DATA_INDEX:; 1 < min_selement num - IGNORE DATA INDEX; i++)
; o _ _
int peak_count, ovlp_ peak count, pseudo_ovlp peak count,
check_window count; -

psl = s1 + i;
ps2 = sZ + i;
ps3 = 83 + i;
psd = 24 + 1i;
/* only process peak within valid peak region */
if { *psl == TRACE_STATUS_VALID PERK )
{
vaiid_peak _region *= -1;

printf ("valid peak at %d\n", i};

}

/* count rough base pair position */

if ( *psl == TRACE_STATUS PEAK ||
*ps2 == TRACE_STATUS PEAX ||
*ps3 == TRACE STATUS PERK | |

*nsd TRACE_STATUS PEAK )

{
all_peak count ++;
/* if { all peak count == 227 ) { printf ("base 227 at gd\n", i}; }
*
}

/* voild rest overlapping psak if void overlap peak is true */
if { void overlap peak }

if { *psi == TRACE_STATUS_OVERLAP FERK ) { *psl

i

TRACE STATUS PERK;

if ( *ps2 == TRACE_STATUS CVERLAP PERK } { *ps2 = TRACE STATUS PEAK;
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depending on the switch */ void reassign proiled_peak (short *a, short *b,
in*_abswitch, float *profile, int profile_size) { float *pprofile, max; int i,

max idx; short *pa, *pb, profiled-Value, peak_value, vdiff; /* init */ peak

value = a; /* get maximum value from profile, it should always be 100, just

in case max = -| for (i = 0; i < profile size; i++) { pprofile = profile + i; if
(-*pprofile > max ) 50 Splitrace.c { max = *nprofile; max_idx =1i;} } /*

align trace pointer and profile pointer, TREFBdfile for. (i = 0: 1 < profile

size; i++) { pprofile = profile + i; pa = a - max_idx + i; pb=b - maxidx+i,

profiled valtie = *pptofe ™ péak ValiteT iiak? - BHtf (‘p&Pis' vock TRt BaYS FEAK;
profiled value is %4 at-pes.dad:withs psofile Sef\wtspa, “ob, profiled valugis prax;
I, *pprofile); */ * if actual value is allowed by ( profiled value if *pa <=

profiled-valye *(1, + MAX PEAK /. 4,if § abswitch >.0

*ps? == TRACE_STATUS_OVERLAP PERK ||
*ps3 == TRACE_STATUS_OVERLAP PERK ||
“psd == TRACE_STATUS OVERLAP PERK ||
*psl == TRACE STATUS PEAK ||

*ps2 == TRACE STATUS_PEAK ||

*ps3 == TRACE_STATUS_PEBK ||

*p54 == TRACE_STATUS PEAK )

check _window _count = 0;

peak_count = {;

ovlp_peak count = 0;

pseudo ovlp peak count = 0;

for (3 = i; J < min_element_num - IGNORE DATA INDEX; j++)
{

check window_count ++;

psl = sl + 3;
ps2 = s2 + 3
ps3 = 83 + j;
psd = s4 + 4
if ( *psl == TRACE STATUS PEAK )} { peak count ++; }
if { *psl == TRACE_STATUS_OVERLAP PERK ) { ovlp peak count ++; }
if ( *psl == TRACE STATUS PSEUDC OVERLAP PEAK ) {
- pseudo_ovlp peak count ++; } - - -
if ( *psZ == TRACE STATUS PEAK ) { peak count ++; }

if { *ps2 == TRACE_STATUS_OVERLAP_PEAK ] { ovlp peak count ++; }
if { *ps2 == TRACE_STATUS_PSEUDC_OVERLAP PEAK ) {
pseude_ovlp peak count ++; }

if { *ps3 == TRACE STATUS PEAK ) { peak count ++; }
if { *ps3 == TRACE_STATUS_OVERLAP PEAK T ovip_peak_count ++; )
if { *ps3 == TRACE STATUS_PSEUDO OVERLAP PERK ) {

pseudo_ovlp peak_count ++; } - -
if { *psd4 == TRACE_STATUS PEAK ) { peak count ++; !}
if { *psd == TRACE STATUS_OVERLAP PERK T { ovlp_peak count ++; }
if { *psd == TRACE STATUS_PSEUDO_OVERLAP PEAK ) |

pseudo_covlp peak count ++; )

if ( (peak_count + {ovip_peak_count + pseudo ovlp psak count) /
2y »= TRACE_SHIFT CHECK PERK WINDOW )

[+ 1f | check window_count >= TRACE_SHIFT_CHECK PERK WINDOW ~*
cmn_peak_space } %/

{

break;
}
}

if (1.0 * (ovip peak count + pseudo_ovlp peak count} / {2 *
peak_count + ovlp peak count + pseudo_ovlp peak count)
>= TRACE_SHIFT_MAX_PERCENT )
/* if ( peak_count > check window_czount / {cmn_peak space/2 + 2) *
{1 + TRACE_SHIFT_MAX_ PERCENT} j */
{
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/* keep a same /* change b to 0 *pa = *pa * MAX OVERLAP PEAK
RESIZE RATIO; *pb =0;} else { /* keep b same /* change ato 0 *pa =
0; *pb = *pb * MAX OVERLAP PEAK RESIZE RATIO; } /*if profiled value
is not valid else { vdiff = *pa - profiled-value; if (abswitch >0 { /* keep a
as profiled */ /* change b to the vdiff *pa = profiled-value * MAX
OVERLAP PEAK RESIZE RATIO + \édlff %tc) = vdiff; } else { /*keepb
as profiled /* change a to the vdiff pa = *pb = profiled-value *
MAX-OVERLAP PEAK_RESIZE_RATIO + vdiff; }} }} /*return 1 if
overlapping }p(‘—fakdmld’é‘ﬁ’fﬂf?é’d”f)aﬁtﬁelrW|se */ 51 Splitrace.c int overlap peak
(int *numeint.*sl, int *s2, int *s3, lot *s4, short -ti, short *t_2, short *t3,
short *t4, intiidx

psl = =1 + 1;
ps2 = 82 + i:
ps3 = s3 + i
psd = 54 + i;

if ( *psl == TRACE_STATUS_OVERLAP PEAK ||
*ps?l == TRACE STATUS OVERLAP PEAK i
*ps3 e= TRACEWDTATUSWQVERLAP~PEAK 11
*ps{ == TRACE_STATUS_OVERLAP PEAK )
{
if (1 ~ last_ovlp_peak > MBX OVERLAP PEAK GAP &&
valid peak_region > 0 )
{
last_ovlp peak = i;
rinti ("overlapping peak identified around position %4,
around pase %d\n", i, all peak count):
}
}
b
}
} /* end of out for loop */

/* scan status and trace to split overlapping peak */
/* ab _switch used to indicate assign splitted peak to either set a if 1, or
set b if -1 */
ab_switch = 1;
valid _peak_region = -1;
for (i = IGHORE_DATA INDEX; i < min_element num - IGNORE DATA INDT¥; i++)
{

ptal = al + i;
ptaz = a2 + i:
pta3 = a3 + i;
ptad = ad + i;
ptbl = bl + i;
pth2 = b2 + i;
ptb3 = b3 + i;
pthd = b4 + 1i;
psl = s1 + 1i;
psZ2 = 52 + Ii;
ps3 = 83 + i;
psé = s4 + i;

/* only process peak within valid peak region */
if ( *psl == TRACE STATUS VALID PERK )
{
valid peak region *= -1;
/% printf (Yvalid peak at %d\n", i); */
}

if { wvalid peak region > 0 )
{
/* seperate overlapping peak */
/* current pesition must be a overlap-peak position */

if ( *psl == TRACE_STATUS_OVERLAP FEAK )
{
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{ short *pt[4}, *tp, peakl, peak2, peakl_i idx, peakl_j _idx, peak2_iidx,
peak2_]idx; int *ps[4], *sp; int peak_count, i, J, k, ret, crowd_peak_count,
crowd peak check window; float pratio; - int nun elements[4]; /* initialize
*/for (i=0;i<4;i++) { num elements[i] *num; num++;} ps[O] =sl; ps[l]
=s2; ps[2] =s3; ps[3] =s4; pt[0] =tl; pt[l] =t2; pt[2] =t3; pt[3] = t4;
peakl = 0; peak2 = 0; ret = 0O; /* check if over-crowd peak region, avoid
this.region by changing peak status t&IRAEE STATUS-CROWD-PEAK
crowd_peak_count = 0; crowd_peakcheck window =
2*MAX_OVERLEARs REAK: GARL: fordi= 0;des 4; it hdfom( 5.0¢] 5=
créwRf peaké ieheckwindow; p++) {so=psli +]; if ( *sp ==
TRACE_STATUSPERK: -¢lawd péak count ++; }}

/* indicate split done */

*psl = TRACE_STATUS OVERLAP_ PEAK SPLITTED;
: -

if { *ps2 == TRACE_STATUS_OVERLAP_PEAK ¥

{

reassign_profiled peak (pta2, pth2, ab_switch, profile,
profile size);

/* switch ab_switech */
ab switch *= ~1;
/* indicate split done */
*ps?2 = TRACE_STATUS_OVERLAP PEAK _SPLITTED;

}

if { *ps3 == TRACE _STATUS OVERLAP_ PEAK )
{
reassign _profiled peak {pta3, pth3, ab_switch, profile,
profile size);
/* switch ab_switch */
ab_switch *= -1;
/* indicate split done */
*ps3 = TRACE_STATUS_OVERLAF PEAK_SPLITTED;
} .

if { *psd == TRACE_STATUS_OVERLAP PERK )

{
reassign _profiled peak (ptad, ptbhd, ab_switch, profils,
profile size);
/* switch ab_switch */
ab _switcgh *= -1;
/* indicate split done */
*psd = TRACEMSTATUS_OVERLAP_PEAK_SPLITTED;
}

}

/* profile peak at given positicn, then reassign it to one of two sets
depending on the switch */
void reassign_profiled peak (short *a, short *b, int abswitch, float
*profile, int profile size)
{

float *pprofile, max;

int i, max_idx;

short *pa, *pb, profiled value, peak value, vdiff;

/¥ oinit */
peak value = *gz;

/* get mazimum value from profile, it should always be 100, just in case */
max = =-1; '
for (i =
{
pprofile = profile + i;
if { *pprofile > max )

0; 1 < profile size; i++)
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if (crowd_peak_count >= CROWD-PEAK-THRESHOLD {for (i=0; i< 4;
i++) {for(] = 0; j <= crowd_peak_check_window; j++) {sp = ps]i] + j; if (
*sp == TRACE_STATUS_PEAK {sp =

TRACE_STATUS _CROWD_PEAK; }} } 52 Splitrace.c } /* current
position must be a peak position */ if ( *sl TRACE STATUS PEAK If *s2
TRACE STATUS PEAK | -S3 TRACE STATUS PEAK 11 *s4
TRACE-STATUS-PEAK { printf ("pe&®liiefftified at %d\n", idx); peak
count=0;for (i=0;i<4;i++) {for(j=0;]j<=
MAX-OVERLAP-PEAK-GAP * 2; j*++) {sp = ps(i] - MAX OVERLAP PEAK
GAP +j; (% pLIF* MARIOVERLAP-PEAK-GAP +j; if (*sp ==

TRACE }STATUS PEAK { if (peaks == 0 ) { peakl = *tp; peakl_l_ldx =1
peakl J_idx j;} else if (peak2 == 0) { peak2 = *tp; peak2 i idx
peak2_j,idx = j.lelse if (1R Reakl )4 peakl s ;. peakl J idx.7

peakbg [dX——q,}x < profile size; i++)

pprofile = profile + 1i;
pa = & - max_idx + i;
rb b - max idx + i;

i

prefiled value = *pprofile * peak value / max;

/* printf ("pa is %d, pb is %d, profiled value is %d at pos %d with
profile %fi\n", *pa, *pb, profiled valus, i, *pprofile); */
. /* if actual value is allowed by profiled value */
if { *pa <= profiled value * (1 + MAX PEAK ERROR} )
{
if { abswitch > 0 )
{

/* keep a same */

/* change b to 0 */

*pa = *pa * MAX OVERLAP PEAK RESIZE_RATIC:

Y} . »*

pb = 0;

/* keep b same */
/* change a to 0 */
*pa = 0;
*pb = *pb * MAX_OVERLAP_PEAK RESIZE RATIO:
} .
}
/* if profiled value is not wvalid */
else
{
vdiff = *pa - profiled value;
if { abswitch > 0 )
{
/* keep a as profilad */
/* change b to the vdiff */
*pa profiled wvalue * MRX OVERLAP_PEAK RESIZE RATIO + vdiff;
*pb vdiff;
}
else
{
/* keep b as profiled */
/* change 2 to the vdiff */
*pa vdiff;
*rb profiled value * MAX OVERLAP PEAK RESIZE RATIO + vdiff;
}

L}

}

/* return 1 if overlapping peak identified, 0 otherwise */
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else if (*tp > peak2 ) { peak2 = *tp; peak2_i_idx =i; peak2_j_idx =j;)
peak_count ++; } no existing overlap peak identified in the neighborhood
allowed if (-so _ TRACE STATUS OVERLAP PEAK peak _count=0;i=

5; break; }} /* must more than one peak within neighborhood defined by
MAX-OVERLAP _PEAK _GAP */ [* in order to detect shift, need introduce
psudo-overlap peak if ( peak _count > 1 && peak2 >= 0 { /* either peak

ratio must satisfy KIN_OVERLAP_PEAK_RATIO pratio = 1.0 * peakl /

peak2; if ( pratio >= MIN - OVERLAP PEAK RATIO && pratio <=
1/MIN_OVERLAP_PEAK_RATIO {if (@wgzackground_peak_value <

peak! * MIN OVERLAP PEAK RATIO avg_background_peak_value <

peakz:* MINOVERLAR.PEAK RATIO,/* markstatug fo.indicate ., ... ...
oveHepping peakddentifiekrt-s0-=psfpeakd«i idx] - MAX '
OVERSlhérPt_E’ %ﬁ_G@P + eyakl j_idx; *spk: TRACE STATUS OVERLAP
PEAK:8p = plgﬁ[peékz_ﬁ’;ﬁ% MAR OVERLAP - PERKPGRP -+ faars a2t 1,
j_idx; B3 Sﬁ*itﬁace?@p’fsp = TRACE-STATUS-OVERLAP-PEAK; ret=1; }

else /*HoiR %ﬂg@g{&ckgroﬂmd‘reﬁﬂireﬁ‘ié‘fﬁﬂ%&&‘@%uscf@‘ﬁﬁcﬁwtecheck_window:
pseudo-overlapping peak identified so = ps[peakl_i_idx] - MAX OVERLAP
PEAK GAPw¥_pgéakénfiiht: *sp = TRACE-STATUS _PSEUDO _OVERLAP

_PEAK; sp = ps{peak2_ idxl - MAX_OVERLAP_PEAKGAP +
peak2tpddX; = 0; 1 < 4 ; i++)
{

num_elements(i] = *num;
num++;
}

ps(0] = s1;
psll] = s2;
psi2] = s3;
psi3] = si;
pt[0] = t1;
pt{ll = t2;
ptl2] = t3;
pr3] = t4;
peakl = 0;
peak? = 0;
ret = 0;

/* check if over-crowd peak region, avoid this region by chanéing peak
status to TRACE_STATUS_CROWD PERK */

crowd peak count = 0;
crowd peak check window = 2*MAY OVERLAP PERK GAP+1;
for (1 = 0; 1 < 4; i++) T
{
for (3 = 0; j <= cxowd_peakmcheck_window; BRE

{
5p = ps[i] + i

if { *sp == TRAECE_STATUS PEAK )
{
crowd_peak_count ++;
I
}
1

if | crowd_peak count >= CROWD_PERK_THRESHOLD )
. —

for (i = 0; 1 < 4; i++}

for (j = 0; 3 <= crowd_peak_check window; J++}

sp o= ps[i)] + 1i;
if { *sp == TRACE_STATUS_PEAK )

*sp = TRACE_STATUS_CROWD PERK;
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*sp = TRACE-STATUS-PSEUDO-OVERLAP-PEAK; } } or peak ratio
satisfy MIN OVERLAP COMPLETE PEAK RATIO * and the smaller peak
is a clean and complete peak * and the background should be clean,
which means background should be less than * smaller peak size * MIN
OVERLAP COMPLETE PEAK RATIO */ else if ( pratio >=
MINOVERLAP_COMPLETE_PEAK_RATIO && pratio <=
1/MIN-OVERLAP-COMPLETE-PEAKS-FHATIO { I* loop through rest two
. : lrace.c
traces and get the biggest backgroun value short max bg value; max
bg value =0; for (i=0;i<4;i++) {if (i==peak2_i _idxipeakliidx {
contintie; }else { for (j = 0; j <= MAX_OVERLAP_PEAK_GAP * 2; j++) {
to = pt[i] - MAX OVERLAP PEAK GAP + j; if ( *to > max_bg_value ) {
max_ b§ vt 2053t g it (hregkbes peak2t { 9r satisfy background
requ“T‘r‘e?neEé if( @’%ﬁ%@%ﬁwgm_pEAK_VALUE MIN
_OVERLAR _€OMREEFEREAKRRATIO &&
*s54 == TRACE STATUS_PEAK }.
{

/* printf ("peak identified at %d\n", idxy; */

peak_count = 0;

for (1 = 0; 1 < 4; i++)

{

for (3 = 0; 3 <= MAX OVERLAP PEAK GAP * 2Z; j++)
{
gp = ps[i] - MAX OVERLAP_PERK_ GAP + i;
tp = pt[i] - MAX_OVERLAP PEAX GAP + 5;

i€ { *sp == TRACE_STATUS_PEAK )
{
if { peakl == }y { peakl = *tp; peakl i ids = i; peakl j idx
= 3: 1
else if { peakZ == 0 ) { peak2 = *tp; peak2_ i idx = i;
peak? j idx = j; |} '
else 1f { *tp > peakl } { peakl
peakl_ 3 idx = 3; }
else if { *tp > peak2 |} { peak?
peak2 i idx = 3; |}
peak_count ++;

i

*tp; peakl 1 idx

I
[y

*tp: peak? i idx

[
.

/* no existing overlap peak identified in the neighborhood
allowad */
1f ( *sp == TRACE_STATUS_OVERLAP PEARK )
i ‘
peak_count =~ 0;
i = 5;
break;
}
}
}
/* must more than one pesk within neighborhood defined by
MAY_OVERLAP PERK GAP */
/* in order to detect shift, need introduce psudo-overlap peak */
if { peak _count > 1 && pzak2 >= 0 )
{
/* either peak ratio must satisfy MIN OVERLAP PEAK RATIO */
pratio = 1.0 * peakl / peakl; - B -
if { pratio >~ MIN OVERLAP PEAK RATIO &&
pratio <= 1/MIN_OVERLAP_ PERK RATIC }
{
if { avg_background_peak value < peakl * MIN OVERLAP PZAX RATIO

avg_background peak value < peak? * MIN OVERLAP PEAK RATIO }
. — e

/* mark status to indicate cverlapping peak identified */

sp = psipsakl_i_idx] - MRX OVERLAP_PEAK GAP + peakl 3 idx;
*sp = TRACE_STATUS_OVERLAP PERK;
sp = psipeak? i idx] - MRX OVERLAP PEAK GAP + peak2 j idx;
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avg_background peak_value < (peak2 MIN OVERLAP PEAK RATIO) for
(k=1; k<=10; k ++) {sp = ps[peak2_i_idx] - MAX OVERLAP PEAK
GAP + peak2_j _idx - k; if ( *sp > MIN-PEAK-SPACE 54 Splitrace.c {so =
ps[peakl_i_idx] - MAX-OVERLAP-PEAK-GAP + peakl jidx; -so = TRACE
STATUS OVERLAP PEAK; so = ps[peak?2_iidx] -
MAX-OVERLAP-PEAK-GAP + peak2_j_idx; *sp = TRACE STATUS
OVERLAP PEAK; ret = 1; break; }} ]Sél[tMQGTcsatlsfy background
requirement, mark as pseudo-overlap peak else for (k = 1; k <= 10; k ++)
{so = ps[peak2_i |dx1 TM@%&%%EBW@@E GAP + peak2 j idx - k;
if -so > MIN_ PEAK “SPACE 7 so = ps[peaklI ]
MAX-OVERLAP-PEAKIGAP + peaklj idx; *Sp TRACE STATUS

_PSEUDO OVERLAR Pg@Katsg kg ﬁﬂ;dxl - MAX QVERLAP PEAK
GAP + peak2_j idx; *sp = TRACE us-p
EUP/O OVERLAP/'PE:RK,SW@‘E"(,P lndlCatE pseudo overlapping peak identified
= pslpeakl i_idx] ~ MRX_OVERLAP_PEAK GAP + peakl j idx;
*sp = TRACE_STATUS_PSEUDO OVERLAP PEAK;
sp = psipeak_i_idx] - MAX OVERLAP_PEAK GAP + peakZ 3 idx;

*sp = TRACE_STATUS_PSEUDO_OVERLAP PERK;
}
}
/* or peak ratioc satisfy MIN_OVERLAP_COMPLETE PEAK RATIO
* and the smaller peak is a clean and complete peak
* and the background should be clean, which means background should
be less than
* szmaller peak size * MIN _OVERLAP COMPLETE PEAK RATIO
*/ - -
else if { pratio >= MIN _OVERLAP COMPLETE PEAK_RATIO && pratioc <=
1/MIN _OVERLAP COMPLETE_PERK RATIO )
{

/* loop through rest two traces and get the biggest backgroﬁnd
value */

short max_bg_value;
max_bg value = (;
for (i = 0; 1 < 4; i++)
{
if (1 == peak2 i ids |} L == peakl i idx )
{
continue;
}
else
{
for {3 = 0; j <= MAXWOVERLAP_PEAKWGAP * 2 34+
{
tp = pt[i] ~ MAX OVERLAP PERK GRP + j;
if { *tp > max by value )}
{
max_bg value = *tp;

}

}

if { peakl > peak2 }

e

/* satisfy background requirement */
if { max_bg value < MIN PEAK VALUE *
MIN_CVERLAP_COMPLETE PEAK RATIO &&
avcﬁbackgroundwpeakwvaiue < {peak2 ~*
MIN_OVERLAP PEAK RATIO} )
{
for (k= 1; k <= 10; k ++}
{ .
sp = pslpeakZ i idx] - MAX_ OVERLAP_PEAK GAP +
peakZ j idx - k;
if ( *sp > MIN_PEAK SPACE )
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}} }elseif ; peak2 > peak! { satisfy background requirement, mark as
overlap peak if ( max_bg_value < MIN_PEAK_ VALUE
MIN-OVERLAP-COMPLETE-PEAK-RATIO &&
avg_background_peak value < (peakl .MIN-OVERLAP-PEAK-RATIO) for
(k=1; k<=10; k ++) {so = ps peakl_i_idxj -
MAX_OVERLAP_PEAK_GAP + peakl_j_idx - k; if ( *sp >
MIN-PEAR-SPACE so = ps[peakl_i_idx] - MAX-OVERLAP-PEAK-GAP +
peakl_j_idx; *sp = TRACE STATUS OVERIKPPEAK: so = |
ps[peak2_i_idx] - MAX-OVERLAP-PEAK-GAP + peak2_ j idx; *sn =
TRACE STATUS OVEF%LSAPZPESA[KE; rat =1, brea_k'M55 OS\plitrracep.c Q}; }‘f/*
NQE satigfy hackground rébquir%rﬁ%nat, mark as pseu?ér—m%ﬂ%%r‘%zéak elsé
{ for (k = 1; k <= 10; k ++)fpsp =psfpeakius igxF2MAX=0V/ERLAP PEAK
GAR . .peakl, j_idx - k; if {*sp 2NN RPEAKS PACE S 3S[5EAKLPAdK]
- MAX OVERLAP PEAK GAP=tTrACE_STATUS OVERLAP FEAK;

ret = 1;
break;
}
}
}
/* NOT satisfy background reguirement, mark as pseudo-overlap
peak */

else

{

for (k= 1; k <= 10; k ++)
{
sp = pslpeak? i idm] -~ MARX OVERLAP PEAK GAP +
peak? 4§ didx - k;
if ([ *sp > MIN PEAK SPACE )
{
sp = psipeakl_i idx} - MAX _OVERLAP PEAK GAP +
peakl 4 idx;
*sp = TRACE_STATUS_PSEUDC_OVERLAP PERK;
sp = pslpeak2_1i_ idx] -~ MAX OVERLAP_PEAK GAP +
peak2 4 idx;
*sp = TRACE_STATUS_PSEUDOC_OVERLAP PEAK;

break;

else 1f { peakZ > peakl )

/% satisfy background requirement, mark zs overlap peak */
if ( max_bg_wvalus < MIN PEAK VALUE *
MIN_OVERLAP_COMPLETE_ PEAK RATIO &&

avg_background peak valus < {psakl *
MIN_OVERLAP_ PEAK RATIO) )

{ for (k = 1; k <= 10; k ++}
sp = psipeakl 1 idx] - MAX OVERLAP PEAK GAP +
if ( *sp » MIN_PERK_SPACE }
sp = pslpeakl 1 idx] -~ MAX OVERLAP PEARK GAF +

peakl_j idx;
*sp = TRACE STATUS OVERLAP PEAK;

sp o= ps{peakZmiwidE] - MAX OVERLAP PERK GAP +
peak2 3 idx;

*sp o= TRACEWSTATUS_OVERLAPMPEAK;

ret = 1;

preak;
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peakl_jidx; *sp = TRACE STATUS PSEUDO OVERLAP PEAK; sp =
ps[peak2_i_idx] - MAX OVERLAP PEAK GAP + peak2 jidx; - *sp =
TRACES TAT US-PS EUDO-OVERLAR-PEAK; break;} }} }} }} return
ret; }/* build common peak profile as reference * using only peak with
common peak space void build _cmn peak profile (int *num, short *tl, short
*t2, short *t3, short *t4, int *sl, int *s2, int *s3, int *s4, float *profile, int
profile size) int num_elements[4], i, J, k, max; short * pt[4], *tp, *ppeak; int
* ps[4], *sp; float floatp; /* initialize */ 7 fGFe-9; pt[-] = t2; pt[2] = t3; pt[3]
=t4; ps[0] = Si; ps[l] =s2; ps[2] =s3; ps[3]=s4;for (i=0;i<4;i++) {
numemmemqn_ﬂwm;MUm+ﬂ}/*demhpmmeﬁ

}
/* NOT satisfy background requirement, mark as pseudo-overlap
peak */
else
{
for (k= 1; k <= 10; k ++}
{
sp = psipeakl i idx] =~ MAX OVERLAP PEAK GAP +
peakl J idx - k; B B
if { *sp > MIN_PERK SPACE )
{
5p = pslpeakl_ i idx] - MAX OVERLAP PERK GAP +
peakl 3 idx; - -7
*sp = TRACE_STATUSWPSEUDO_OVERLAPMPEAK;
sp = psipeakd 1_idx) - MAX OVERLAP PERK GAP +

*sp = TRACE_STATUS%PSEUDO_OVERLAPMPEAK;

break;

¥
}
return ret;

}

/* bulld common peak profile as reference
* using only peak with common peak space
*/
vold build cmn peak_profile (int *num, short *tl, short *t2, short *t3, short
*td, int *sl, int *s2, int *s3, int *s4, float *profile, int profile size)
; -

int num_elements[41, 1, i, k, max;
short * pt[4), *tp, *ppeak;
int * ps[4], *sp;

float *floatp;

/¥ initialirze */

pt[C] = tl;

ptil]l = t2;

pt{2] = t3;

ptl(3] = t4;

ps[0) = s1;

psil] = s2;

ps[Z] = s3;

ps{3] = =4;

for (L = 0; 1 < 4 ; i+4+4)

{

num_elements[i} = *num;
num++ ;

}

/* build init profile */
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56 Splitrace.c for (j = 0; ) < 4; j++) { for (i = O; i < num_elements]j I; i++) {
tp = pt[j] +i; sp = ps[j] + i; /* identify one peak with common space if ( *sp
== profile size { for (k = 0; k < profile_size; k++) { ppeak =tp + k; floatp =
profile + k; *floatp = *floatp + *ppeak; }} /* normalize profile */ max = -1,
for (k = 0; k < profile_size; k++) { floatp = profile + k; if ( *floatp > max {
max = *floatp; } for (k = 0; k < profile-size; k++) { floatp = profile + k;
*floatp = *floatp * 100.0 / ma),,; printf ("%fAn", *float_p); } } /* mark start
and end of valid peak range void marlkggiahde Reakrange (int *num, int *s1,

imt *s2, in' *s3, int s4) {int num elements[9];

for {3 = 0; 4 < 4; 3++ )
{

for (i = 0¢; i < num elements[3]; i++)

{
tp = pt{i] + i;
sp = ps{j] + i;
/* identify one peak with common space */
if { *sp == profile_size )

{
for {k = 0; k < prefile size; k++)

{

ppeak =

tp + k;

floatp = profile + k;

*floatp =

[—

}
}

/* normalize profile */
max = -L;

*floatp + *ppeak;

for (k = 0; k < profile size; k++)

{
floatp = profile + k;
if ( *floatp > max |}
{
max = *floatp;

!

for (k= 0; k < profile size; k++)

fleoatp = prefile + k;
*floatp = _
printf ("%f\n",

H

*floatp * 100.0 / max;
*flcatp):

/* mark start and end of valid peak range */

void mark valid peak_range
{

int num elementsi4);

(int *num, int *sl, int

int i, 3, k, done, min_elenum, start peak count,

int *ps{4], *sp;

J* initialize */

ps{C] = =1;
ps{l] = s2:
psl2] = &3;
psi3] = s4;

start_peak count = (;
end peak count = 0;
min_elenum = 99985999,
for (i = 0; 1 < 4 ; i++)
{
num elements[i] =
numt+;
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inti, j, k, done, min_elen:m, start_peak_count, end_peak_count_; int
*ps[4], -Sp; /* initialize */ ps[0] = sl; ps[1] =s2; ps[2] =s3; ps[3] = s4;
start_peak count = 0; end-peak-count = 0; minelenum = 99999999; for (i
=0;i<4;i++) { num elements[i] = *num; num++; 57 Splitrace.c if (
min_elenum > num_elements][i] { min_elenum = num_elements|i]; }} /*
mark valid peak start */ done = 0O; for (i = IGNORE-DATA-INDEX; i <
min_elenum - IGNORE DATA. INDE%;EH-Q[ for (j =0;j < 4;j++ {sp = ps[j]
+i; if (*sp == TRACE_STATUS_PEAR [°staft_peak_count ++; if (
start_peak count == IGNORE START PEAK NUM for (k = 0; k < 4; k++ i

sp = ps[i{zf { ML RAT RIS TATIS-VALID-PEAK; done = 1; break; }

nin_elenum = num elements[i];
}
}

/* mark valid peak start */
done = (;
for {i = IGNORE_DATA_INDEK; i< min_elenum - IGNORE DATAR INDEX; i++)
! - -7
for (3 = 0; F < 4; J++ 3
{
sp = psli] + 1
if ¢ *sp == TRACE_STATUS_PEAK )
{
start_peak_count ++;
if { start_peak_count == IGNORE START PEAK NUM |
. -
for (k= 0; k < 4; k++ }
{
sp = ps[k] + 1i;
. Ysp = TRACEMSTATUS_VALID_PEAK;
}
done = 1;
break;
}
}

if ( done )

break;
}
}

/* mark valid peak end */
done = 0;
for {i =
{
for {(j.= 0; j§ < 4; J++ )
{
sp = psijl + i;
if ( *sp == TRACE_STATUS PEAK )
{
end_peak count ++;
if ( end peak count == IGNORE_START PEARK NUM }
{ -
for (k = 0; k < 4; k++ )
{

min elenum - IGNORE_DATA INDEX; i > ICGNORE DATA INDEX; i--)

sp = psl[k] + i;
*sp = TRACE_STATUS_VALID PEAK;
}
done = 1;
break;
}
}

if { done )

58



} }if (done {break; }} mark valid peak end done = 0; for (i =
min_elenun - IGNORE_DATA_INDEX; i > IGNORE DATA INDEX; i--) for
(1.=0;j<4; j++ {sp=ps[j] +i;if (*sp == TRACE_STATUS_ PEAK {
end-Peak-count ++; if ( end-Peak-count == IGNORESTART-PEAKNUM {
for (k=0; k< 4; k++ {sp=ps[k] +1i; *sp =
TRACE-STATUS-VALID-PEAK; done = 1; break; }} }if (done 58
Splitrace.c { break; identify most common peak space */ int
get_cmn_peak_spacing (int *num, int *Shiitrdcts2, int *s3, int *s4) {int nun
elements[4], cmn_spaces t50]; inti, j, cmnspc, maxcount; int *ps[4], *sp;

1

1

/* identify most common peak space */
int get_cmn peak spacing (int *num,

{

H

{
break;
}
}

int num_elementsi4}, cmn_spaces [50];
int i, i, cmnspc, maxcount;

int *ps[4], *sp;

/* initialize */

ps{0} = s1;
psil] = s2;
ps{2] = 83;
ps{3] = s4;
for (i = 0; L < 4 ; i++)
{
num elements[i] = *num;
numz+;

for {1 = {7 i < 50 ; i++)
cmn_spaces{i] = O;
/* count */
for (J = 0; 3 < 4; J++ )
{
{

sp = ps{il + i;

int *s1, int *s2,

for (i = 0; i < num_elements[§]; i++)

int *s3, int *s4)

if { *sp > MIN_PEAK SPACE && *sp < MAX_ PEAK SPACE )

{
cmn_spaces [*spl
}
}
}

/* get the cmn space, the

maxcount = =1;

cnspe = 0;

for (4 = 0; 1 < 50; 1 ++
{

1f ( cmn_spaces[i] >=
{

maxcount =
cmnspc = 1;
}
}

return cmnspc;

e

one with max

}

maxcount

cmn_spaces{i];

}

count */

/* scan trace to determine peak position and peak spacing
* parameters: number of element, itrace array, status

*/
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[* initialize ps[0] =sl; ps[1] =s2; ps[2] =s3; ps[3]=s4;for(i=0;i<4,
_++) { nun-elements[i] *num; num++;} for (i=0;i<50;i++) {
cmn_spaces[i]=0; }/*countfor (j=0;j<4;j++ {for(i=0;i<
num_elements|j]; i++) {sp = psij] +i; if (*sp > MIN_PEAK_SPACE &&
*sp < MAX_PEAK SPACE {cmn_spaces[*sp] +; }} } /* get the cmn
space, the one with max count maxcount = -1; cmnspc = 0; for (i=0;i<
50; i ++ {if (cmn_spaces[i] >= maxcount { maxcount = cmn_spaces]i];

. Spiifrace.c
cmnspc } } return cmnspc; -

void scan_trace (int num, int ignore_idx, short *trace, int *status)
{

int i, total peak num;

short * trace_idx;

int * status_idx;

/* lgnore first ignore idx data points */
for { i = 0; I < ignore_ldx; 1 ++ )
{
status_idx = status + i;
*status_ids = TRACE STATUS NOTHING;
}

/* ignore last ignore_idx data points */
for {( i = num ~ ignore idx; i < num; i ++ )
{
status_idx = status + i;
*status_idx = TRACE STATUS NOTHING;
}

/* scan traces */

total peak num = 0;

for { 1 = ignore idx; i < num - ignore_ idx; i ++)
{ .

status_idx = status + i;

trace_idx = trace + i;

/* get peak size, 0 if not start of peak */
*status_Iidx = peak sizel(trace_ idx);

/* identify peak position */
if { is_peak({trace_ idx, status_idx) }
{
*status_idx = TRACE STATUS PERK;
total peak num ++;
}
}

printf ("totzal peak number identified %d\n", total peak num);

}

/* get peak size, return 0 if not start of peak */
int peak_size (short *trace)

{ .
short sleft, start, sright;

short * ptrace;

short peakspace[50];

int psize, up, down, i, max_valus;

ptrace = trace;
ptrace -=-;

sleft = *ptrace;
ptrace ++;

start = *ptrace;
ptrace ++;

sright = *ptrace;
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} I* scan trace to determine peak position and peak spacing * parameters:
number of element, trace array, status array 59 Splitrace.c void
scan-trace (int num, int ignore_idx, short *trace, int *status) {int i, total
peak num; short * trace idx; int * status idx; /* ignore first ignore_idx data
points for (1= 0;i<ignore_idx; i ++ { status_idx = status + i; *status idx =
TRACE_STATUS_NOTHING; } /*ignore last ignore_idx data points for (i
= num - ignore_idx; i < num; i ++ { status_idx = status + i; *status idx =
TRACE-STATUS-NOTHING,; } /* scdirlitmcess total peak num = 0; for (i =
ignore_idx; i < num - ignore_idx; i ++) { status idx = status + i; trace idx =
traces=+_iydf.get peak size, O if not start of peak */ *status_idx =

peak®. sizégfr’”écé |d>%)?*/* identify peak position */ if (is peak(trace idx,

status idxX). -estatlSidx & TRACE-STATUS-PEAK; total-Peak-n= ++; } }
prlntf({total peak number identified %d\n", total_peak_num); }
fill the space array */
for (1 = 0; i < MAX PEAK SPACE; i++)
{
ptrace = trace + i;
peakspace[i] = *ptrace;

}

/* scan the space array */
up = {;
down = 0;
for (L = 0; 1 < MAX PEAK SPACE - 1; i1++)
{
if { peakspace[i] >= max value }
{
max _value = peakspacel[i];

}

psize = 1 + 1;

/* check if reach peak end */

if ( up * down == 1 &&
peakspace i} < MAY PEAK END VALUE &%
peakspace[i] < peakspace[i+f] )

i

{
break;

}

/* decide up or down */
if { peakspace[i] <= pezkspice[i+l] )
{
iIfF {up==0) { up=1; }
else { up = up + 1 * down; }

slse
{
down = 1;

}

/% check if up/down violated */
if {up * down > 1}
{
psize = 0;
break;
}
}

/* check 1f psize wvalid */
if ( up * down == 1 &&
peakspace[i ] <= MAX PERK_END VALUE &&
psize > MIN PEAK SPACE 3
max_value = NIN_PEAK_VALDE }
{
/* satisfied, do nothing */
}

elss
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[* get peak size, return O if not start of peak */ int peak-size (short *trace) {
short sleft, start, Bright; short * ptrace; short peakspace[50]; int psize, up,
down, i, max value; ptrace = trace; ptrace - sleft = *ptrace; ptrace ++;
start = *ptrace; ptrace ++; sright = *ptrace; psize = 0; 60 Splitrace.c max
value = 0; if start <= sleft && start < sright && start <=
MAX-PEAK-START-VALUE { /* fill the space array for (i=0; i <
MAX_PEAKSPACE; i++) { ptrace = trace + i, peakspace[i] = *ptrace; } /*
scan the space array up = 0; down = @E"i’é‘?"(‘?é 0; i < MAX-PEAK-SPACE
- 1; i++) {if ( peakspace[i] >= max-value { max_value = peakspace]i]; }
psize =i % 1; /* check if reach peak end
psize = 0;
b
}

/* 1f { psize > 0 ) { printf {("peak size %d\n", psize); } */
return psize;

}

/* return 1 if is peak, otherwise return 0§ */
int is_peak (short *trace, int *status)
{

short m{25], pl[25], peak;

int ispeak, i;

short *ptrace;

int *pstatus, mstatus{251;

ptrace = trace;
pstatus = status;
for (1 = 0; i < 28; i++)

{

ptrace --;
pstatus --;
m{il = *ptrace;
mstatus{i] = *pstatus;
}
ptrace trace;

for {i = 0; i < 25; i++}
{
ptrace ++;
pii] = *ptrace;

}

peak = *trace;
if ( peak < MIN_PEAK VALUE )
{
ispeak = 0;
}
else
{

int mcheck level one 1;

]

int mcheck level two = 1;
int pcheck level one = 1;
int pcheck level two = 1;

ispeak = 1:

/* decide if peak, check beth side

* one side should satisfy PEAK DETERMINE_CHECK_WINDOW_LEVEL ONE
* another side should satisfy PEAK DETERMINE CHECK WINDOW LEVEL TWO
*/ . - - -
for (i = 0; i < PEAXK DETERMINE_CHECK WINDOW LEVEL TWO; 1++)
{ _

/* no peak existing in the neighborhood */

if { mstatus(i] == } { ispeak = 0; break;}

/* check if phisical peak */

1f { peak < m[i] }

{
mecheck level two = 0;

}
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if (up * down == 1 && peakspace[ij <= MAX PEAK END VALUE &&
peakspaceli] <= peakspace][i+l] { break; } /* decide up or down if (
peakspace][i] <= peakspace[i+l] {if (up==0){up=1;} else{up=up +
1*down;} }else { down=1;} /*check if up/down violated if (up *
down > 1 { psize = 0; break; }} /* check if psize valid if (up * down ==
&& peakspaceli] <= MAX PEAK END VALUE && psize > MIN PEAK
SPACE && max_value >= MIN_PEAK_VALUE {/* satisfied, do nothing }
else 61 Spfltrace.c {psize=0; }} Srlitrace.c

1f { peak < plil
{
pcheck _level two = 0;

}

for (i = 0; i < PERK DETERMINE_ CHECK WINDOW_LEVEL ONE; i++)
{
/* no peak existing in the neighborhood */
if { mstatus[il == 1 ) { igpesak = 0; break;}
/* check if phisical p=ak */
if ( peak < m[i] }
{

mcheck level one = 0;
}
if ( peak < pl[i] )}
{
pcheck level one = 0;

)
]
if { mcheck_level one + mcheck_level two + pcheck level cne +
pcheck_level two < 3 ) - -
{
ispeak = 0;
}

/* previous version, oniy cone level */

*for (i = 0; i < PEAK _DETERMINE_CHECK WINDOW LEVEL ONE; i++)

* 1f { mstatus{i}] == } { ispeak = 0; 1}
* 1f { peak < m[i] 1{ peak < pl[i] }

* { )

* ispeak = 0;

* }

* }

*/

/* ignore flat peak, too flat usuzlly indicate dye extention */
/* should not check flat peak this way, but check for wide peak, ignore
following */

/*

* if (m{i] * 1.0 / peak >= FLAT PEAX SIGNATURE &&
* pll} * 1.0 / peak »= FLAT_ PEAK SIGNATURE )

*{

* ispeak = 0;

* }

*

/* check the peak width, ignore if too wide #/
if { ispsak )
{

int left width, right width;

short *ptl, *pt2;

for (i = 0; 1 < 25; i ++ }
{
ptl = trace - i;
pt2 = trace - i ~ 1;
if ( *pt2 <= MAX PEAK_START VALUE {[ *pt2 > +*ptl )
{ .

63



if (psize > 0) { printf ("peak size %d\n", psize); } */ return psize;} /*
return 1 if is peak, otherwise return O int is_peak (short *trace, int *status)
{ short m[25], p[25], peak; int ispeak, i; short *ptrace; int *pstatus,
mstatus[25]; ptrace = trace; pstatus = status; for (i=0; i < 25; i++) {
ptrace --, pstatus m([i] = *ptrace; mstatus[i] = *pstatus; } ptrace = trace;
for (i=0;i<25; i++) { ptrace ++; p[i] _ *ptrace; } peak = *trace; if ( peak
< MIN-PEAK-VALUE ispeak = 0; } else { int mchecklevel one = 1; int
mcheck_level_two = 1; int recheck leGekre.e 1; in, pcheck level two =
1; ispeak = 1, /* decide if peak, check both side * one side should satisfy
PEAK DETERMINE:XCHECK WINDOW_LEVEL_ONE * another side
should satisfy PEAK-DETERMINE-CHECK-WINDOW-LEVEL-TWO
' left width = i;
for (i =0y 1 < 25; 1 4+ }

{

ptl = trace + i;
pt2 = trace + i + 1;
if { *pt2 <= MAX_ PEAK_START VALUE || *pt2 > *ptl )
{
break;

}
}
right width = i;

if { leftwwidth + right_width > MAY ALLOWED PEAK WIDTH )}
{ _ _
ispeak = 0;
}
}

/* calculate avyg background peak */
if { ispeak }
{
total_peak count ++;
/* see calculate avyg background peak */
/* if { *trace < MIN_PEAK VALUE * BACKGROUND PERK FACTOR )
*
* avg_background peaX wvalue += *trace;
* background peak count ++;
* 1
*/
} .
} -

return ispeak;

i

/* copy traces to two sets of arrays */
void £ill _traces{int *num,short *tl,short *t2 , short *t3, short *t4, short
*al ,short *aZ, short *a3, short *ad4 , short *bl, short *p2, short *b3, short
*ha )
{

int num_elements[4},1i;

short *xl, *x2 , *x3 , *x& , *yl , *y2 , *y3 , *yd4 , *z1 , *z2, #z3, *z4;

for{i = 0; 1 < ¢ ; i+43){
num_elements[i] = *num;
printf(" in fill %d\n", num elements(il};
num++;

}

2l = t1;

vl = al;

x2 = t2;

vZ = al;

®x3 = ©3;

v3 = a3;

xd = ©4;
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for (i = 0; i < PEAK-DETERMINE-CHECK-WINDOW-LEVEL-TWO; i++) {
/* no peak existing in the neighborhood if ( mstatus[i] == 1) { ispeak = 0;
break;} /* check if phisical peak if ( peak < m[i] { mcheck level two =0; }
62 Splitrace.c if ( peak < p[i] { pcheck level two=0; }} for(i=0;i<
PEAK-DETERMINE-CHECK-WINDOW-LEVEL-ONE; i++) no peak
existing in the neighborhood if ( mstatus[i] == 1) { ispeak = 0O; break;} /*
check if phisical peak */ if ( peak < m[i] { mcheck level one =0; }if (
peak < p[i] { pcheck level one = 0; if @pitteclc level one +
mcheck_level t wo + pcheck_level one + pcheck level _two < 3 {ispeak
= 0; v} /% previous version, only one level *for (i = 0; i < PEAK
_DETERMINE_CHECK_WINDOW LEVEL ONE; i++) *{ * if mstatus[i] ==
1) {ipeak 5 073 FIEL rdakcs. a1l peak,< plil * ispeak = 0;

X§i+; i

yl+4;

}

for{ 1 =0; i < pum_elements(l]); i++){
Yy = *u2;
HZ++;

y2++;
}

for{ i =0; 1 < num elements[2]; i++){
*y3 o= ovx3;
W3+
y3++;

}

for({ i =0; i <'numme1ements[3]; It}
*yd = *xd;
x4+
ya++;

}

/* FILL THE SECOND TRACE. */

xl = ti;
zl = bl;
®e = t2;
z2 = b2;
®3 = t3;
z3 = b3;
xd = t4;
z4 = b4d;

for( i =0; i < num_elements[0]; i++){
*zl = *xl;
®1l++;
zi++;

i

for{ i =0; i < num_elements[l]; i++){
Fld o= vyl
n24++;
22++;

}

for{ i =0; i < num elements{2]; i++){

*z3 = *u3;
X3++;
234
}
for( i =0; i < num elements[3]: i++){
*zd o= *xd;
®xh++;
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* ignore flat peak, too flat usually indicate dye extention /* should not
check flat peak this way, but check for wide peak, ignore following * if (
m[l] * 1.0 / peak >= FLAT-PEAK-SIGNATURE && * p[l] * 1.0 / peak >=
FLAT-PEAK-SIGNATURE * ispeak = 0; *I /* check the peak width, ignore
i too wide if (ispeak { int left width, riaht_width; short *ptl, *pt2; for (i = O;
1<25;i++ {ptl=trace -i; pt2 =trace -i- 1, if ( *pt2 <= MAX_
PEAK_START_VALUE | *pt2 > *ptl { 63 Splitrace. ¢ break; } } left-width
=i;for (i=0;i<25;i++ {ptl =trace &fiitrpt2 & trace + i + 1; if ( *pt2 <=
MAX_PEAK_START_VALUE Il *pt2 > *ptl { break; }} right width =1i; if (
left width # yight_width > MAX-ALLOWED-PEAK-WIDTH {ispeak = 0; }

}
}

/* write file offset using given data array */
void write files{FILE *fp ,int *num, short *size, int *offset, short *al ,
short *a2, short *a3 , short *a4)
7
fseek{fp, *offset, SEEK_SET);
fwrite(al, *size ,*num , fp};
num+; '
size++;
offset++;

fseek{fp, *cffset, SEEK _SET);
fwrite(a2, *size ,*num , fp):
numt+;

size++;

offset++;

fseek(fp, *offset, SEEK_SET};
fwrite{a3, *size ,*num , f£p):
num++;

sized+;

offset++;

Ifseek(fp, *cffset, SEEK SET);
fwrite{ad, *size ,*num , fp):
num++;

size++;

offget++;
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} /* calculate avg background peak if (ispeak { total-Peak-count ++; see
calculate_avg_background_peak if ( *trace < MIN-PEAK-VALUE *
BACKGROUND_PEAK_FACTOR *avg_background peak value +=
*trace; * background_peak_count ++; }} return ispeak; } /* copy traces
to two sets of arrays void fill traces(int *num,short *tl,short *t2 , short *t3,
short *t4,short *al short *a2, short *a3, short *a4 , short *bl, short *b2,
short *b3, short *b4 {int num el€mexrtsfd].i: short -xi, *x2 , *x3 , *x4 , *yl ,
*y2 ,*y3,*y4 | *zl , *z2, *z3, *z4; for(i=0;i< 4 ;i++) { num_elements]i]
*num; printf(" in fill %d\n", num_element_s[i]); num++;} xI=tl, yl =al; x2
L. A metppd ob progsssipg 2 hgterpgyeqys-inprinpelen asifighiosnaiquamd e il the
heteroAy R ST BACK i fQHm P hbhsinaunpieleme stsQihdtafaltylsmMbancous traces, each

trace in said plurality of traces having a plurality of datapoints and each respective datapoint in
each said plurality of datapoints representing a signal amplitude at a position in the trace
corresponding to the respective datapoint, the method comprising:

identifying a first peak in a first trace in said piurality of traces that is substantially
overlapping a second peak in a second trace in said plurality of traces. the substantial overiap of
the first peak and the second peak thereby indicating heterozygosity in the heterozygous input
nucleic acid chromatogram: and

outputting said first peak to a first output homozygous representation of said
heterozygous nucleic acid sample and said second peak to a second output homozygous
representation of said heterozygous nucleic acid sample wherein said identifying and said

outputeing are executed using a suitably programmed computer.

2. The method of claim 1 wherein

said first output homozygous representation is a first homozygous sequence
representation of said heterozygous input nucieic acid chromatogram; and

said second output homozygous representation is a second homozygous sequence

representation of said heterozygous input nucleic acid chromatogram.

3. The method of claim 1 wherein

said first output homozygous representation is a first homozygous nucleic acid
chromatogram: and

said second output homozygous representation is a second homozygous nucleic acid

chromatogram.

4. The method of claim | wherein said identifying comprises:
(A) marking, for each respective peak of one or more pealks in said first trace, a datapoint
having a maximum value in said respective peak. said one or more peaks in said first trace

including said first peak;
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Xl++; yl++; }for (i =0; i< n=-elements [1] ; i++){ *y2 = *x2; x2++; y2++,
} for(i=0; i < num_elements[2]; i++){ *y3 = *x3; X3++,, Y3++; }for(i=0;i
< num_ elements [3]; i++){ *y4 = *x4; x4++; y4++; } FILL THE SECOND
TRACE. xl=tl;z1 =bl; x2=12; z2=b2; x3=13; z3=0b3; x4=14; z4 =
b4; for(i =0; i < num_elements[0]; i++){ *z1 = *x1; xl++; zl++; }for(i=0; i
<num_elementsl'll ; i++){ *z2 = *x2; x2+-, z2++; }for(i=0;i<
fdimastenge AtsEREH Fasfective peak of one or more peaks in said second trace, a

datapoint having a maximum value of said respective peak, said one or more peaks in said
second trace including said second peak; and

(C) identifying a coordinate in said heterozvgous input nucleic acid chromatogram that is
within an overlap threshold number of datapoints of (i) a first datapoint having a maxima! value

in said first peak and (ii) a second datapoint having a maximum value in said second peak.

5. The method of claim 4 wherein said first peak is substantially overlapping said second peak
when said first datapoint and said second datapoint are between two datapoints and seven

datapoints apart.

6. The method of claim 4 wherein said first peak is substantially overlapping said second peak

whern said first datapoint and said second datapoint are less than three datapoints apart.

7. The method of claim 1 wherein said first peak and said second peak each independentiv

consist of between five datapoints and forty datapoints,

8. The method of claim 1 wherein said heterozygous input nucleic acid chromatogram is in an

ABI trace file format. a SCF file format, a ZTR file format, or an ALF file format.

9. The method of claim 1 wherein said first output homozygous representation and said second
output homozygous representation are each written in an ABI trace file format, a SCF file

format, a ZTR file format. or an ALF file format.

1G. The method of claim 4 wherein. when there is more than a threshold number of peaks in said
heterozygous input nucleic acid chromatogram in a predetermined region about said coordinate,
said first peak and said second peak are each written to both said first output homozygous

representation and said second output homozygous representation.

11. The method of claim 10 wherein said threshold number of peaks is between two peaks and

five peaks.
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*23 = *x3; x3++; z3++; for (1=0; 1< n=-elements [3] ; i++) *z4 = *Xx4;
x4++; 65 Spiitrace. ¢ z4++; } write file offset using given data array void
write_iles(FI E *fp int *num, short *size, int *offse* ,short *al short *a2,
short *a3 , short *a4) fseek(fn, *offset, SEEK_SET); fwrite(al, *size ,*num
, Ip); num++; size++; offset++; fseek(fp, *offset, SEEK SET); fwrite(a2,
*size *num , fp); num+ ; size++; offset++; fseek(fp, *offset, SEEK_SET);
12. Thiwrietiied ofstzerdlrwhdsin midpredsizesincd offsettis; biseek(fp dedfsahis and 20
datapoﬁ%%M?aTa Hdwrite(ad, *size *num , fp); num++; size++; offset++; } 66
AIMS 1. A method of processing a heterozygous input nucleic acid
chromatogram from a heterozygous nucleic acid sample having a plurality

13. THRfsuhsteatialsIIEBREEOUS LACES:i ERG N cen said first datapoint of said first peak

and said second datapoint of said second peak is greater than a threshold ratio value, said first
peak and said second peak are each written to said first output homozygous representation and

said second output homozygous representation.

=

. The method of claim 13 wherein said threshold ratio value is at least §.20.

o
L

. The method of claim 13 wherein said threshold ratio value is at least (.40

16. The method of claim 4 wherein, when a ratio between said first datapoint of said first peak
and said second datapoint of said second peak is less than a threshold ratio value, said first peak
and said second peak are each written to said first output homozygous representation and said

second output homozygous representation.

17. The method of claim 4, the method further comprising:

determining an average peak background value for said heterozygous input nucleic acid
chromatogram. and

writing said first peak and said second peak to said first output homozygous
representation and said second output homozygous representation when either said first datapoint
of said {irst peak or said second datapoint of said second peak is less than said average peak

background vaiue

18. The method of claim 17 wherein the average peak background value is calculated by:

{1} comparing (a) a datapoint in a test trace in said plurality of traces that has a maximal
vaiue of a peak in said test trace to (b) the corresponding datapoint that has a maximal vaiue in a
corresponding region of another trace in said plurality of traces;

(ii) repeating the comparison of said datapoint in said test trace to the corresponding

datapoint that has a maximal value in a corresponding region of another trace in said plurality of
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trace in said plurality of traces having a plurality of datapoints and each
respective datapoint in each said plurality of datapoints representing a
signal amplitude at a position in the trace corresponding to the respective
datapoint, the method comprising: identifying a first peak in a first trace in
said plurality of traces that is substantially overlapping a second peak in a
second trace in said plurality of traces, the substantial overlap of the first
traces Wk leaohdriive vewondlpedicthéretoysindidatimg:-betenezyigosity danthering (i),
whereif€terozygous input nucleic acid chromatogram; and outputting said first
peak to a first output homozygous representation of said heterozygous
rtgeisaikiaignpip| & aatd seidseedne pedkaschatsebone dutpuite value held by the
corresRAMRZYARUS HTERT é‘éﬁma{mfgéém@Q&Eﬁmﬁgﬁ’éﬁr‘&%&e{ge‘?\%ﬁé anpla 8 tapoint
. wherein said identifying and said outputting are executed using a suita ﬂ/
is addef 193 SHAHEY computer. 2. The method of claim | wherein said first output

ROMEAYGOMS IRIGSBRIAIAN I TSI HRMARYEPUSSRINERESen: datapoint that has
.é%[?re entgtion ?f said heterozygous input nucleic acid chromatogram: an
d maxi dV

erozy L .
d¥EShd Bl BI?PHB%i%Eﬂ&%‘?%ﬁF@%%ﬂi&H 4§ & REEORE himbsyigousaid test
trace hsegienenigpresentaliotoafseaiskheterozygous input nucleic acid
E{{;orrpat()tg]rgm.g. The metE, d of claim | wherein said first output
Shopyg0Ls FApreSETANBA Is "8 ArSPREMSAYgutis stiiar eiag (iih) using a
differentsmatagrasaidaridrshid stecand ouipybhomozYYowS RIFERSHAHRI%as been
: n mozygous nucleic acid..chromatogram. 4. The method of claim
ConSid%g\;%%grge%g%g%&%ggﬁ | i(ﬁogm é’é‘?h“p%?@ S ) marking. for each respective
bk ofging erihorenpedksansaig ficstraice;di dhtapoint duavinghéreby obtaining
said avgggﬁgmﬁ@mgﬂn%a@gg%spective peak. said one or more peaks in said
first trace incliding said first peak: 67 (B) marking. for each respective
peak of one or more peaks in said second trace, a datapoint having a
19. THERXIAYD kg of @ﬂ%ﬁ%@&@ﬂ%@%ﬁéﬁ%‘ém@%w L& RERKR I 22l
second trace including said second peak; and (C) identitying a coordinate
represepis i Hete 6 A LIS TiRp foRuR It EETISONFO el g rvd shatils. Withhretand further
comprigiveriap threshold number of datapoints of (i) a first datapoint having a
maximal value in said first peak and (i) a second datapoint having a
AT AR ARTE TR SR SAUSH A sk, SR PFE RO O BRIOA WFREHelhOf
deletiosaidditshaenkigauhsatantialyi OveraRping:said second peak when said
f&gg datgafpoint. an | said secon %?Iapoirlt are betweeq two datapoints and
seven ‘datdpoiitd APSHE FHE Wt &0 BPeaRe ittt tirdispaaik point,
said firis substahtizifysoverlappingrsaitisecand peakdwinen said fitskeatangint
ajd second da int are less than three datapoints apart. 7. The
represe?n%aﬁ%é%éi Sc%alr%eﬁonwéﬁglﬁ |Ht§§f8(}|z Uopuesarﬁpa{%%%%fbogmond peak each
independently

20. The method of claim 19 wherein said scanning comprises counting a number of peaks that
occur 1n said plurality of traces after said coordinate. wherein when said number of peaks
exceeds an insertion/deletion threshold number, said coordinate is determined 1o be said point of

insertion or deletion in said heterozygous nucieic acid sample.

21. The method of claim 20 wherein said insertion/deletion threshold number is between 25 and
75.
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consist of between five datapoints and forty datapoints. 8. The method of
claim 1 wherein said heterozygous input nucleic acid chromatogram is in
an ABI trace file format. a SCF file format, a ZTR file format. or an ALF
file format. 9. The method of claim | wherein said first output homozygous
representation and said second output homozygous representation are
each written in an ABI trace file format. a SCF file format, a ZTR file
22. ThomethedoanldmP filefarmasa LinTdre snettiodoafialain  wiraRinis Wheen 75 and
~go.  there is more than a threshold number of peaks in said heterozygous
input nucleic acid chromatogram in a predetermined region about said
coordinate. said first peak and said second peak are each written to both
23, THakk: MEZYY : i nd sajd second. output ;
o homgggg%ﬂ?%lep_rgresentati%?igﬁg %%%%r[ggt%%%%fe (Szlﬁé%r%%n\l/v%eqpee? %5?8tage of
peaks WiapSlaminrmbe PhrpEaed isbetwaehsaicpernlsasndfiveipoaks: 68dL&rcentage
of peakbhBaMathosh okelaim 10 whersinisrishpredetes [E"B&Qe‘}ﬁ%“sh%ab&%{%gﬂ%% is
odo

__datapojnts and 20 datapoints about said coordinate. 13. The met
determypscioDg, FUARAT ARSI B SR dhith i betarapems speiid firist sample.
peak and said second datapoint of said second peak is greater than a
24 ,}Nhtehres,E 1o%jd rf_atio, valye, said first peak and said second peak are each
- VAR fo R &id Rt st ot RS R SHIb R BIR g riseritansiv Wrrereasetdimgvesn two
percenioartput itomazygaus representation. 14. The method of claim 13 wherein
said threshold ratio value is at least 0.20. 15. The method of claim 13
wherein said threshold ratio value is at least 0.40. 16. The method of claim
25. The whrsimfwhin Zratiorbetwee msaiddfirst Beitapointiofl saedistape akp@nden 1en
percemsgig £8C chﬁgapoint of saiq second peak is less than a threshold_ ra_tio
value, said first peak and said second peak are each written to said first
output homozygous representation and said second output homozygous
26. THERGRSIIAIONT e MNP SR M Method fusher comprising

L ,
determining an average peak backgrotn e for said heferozygo%%Im

FEPIesRES GUMKIEI G HE i Br IS ey EabrLcapey eritimy Slaid fivst pegkcand selidrein, prior to
said ou§RaaRE BeRKIRAI Sirgh-RUIRHLRYNAZY gaus; epepentala fs%@ i by
i second output homozygous representation when either said first da apoint
SN SPLS st peak or said second datapoint of said second peak is less than
said average peak background value. 18. The method of claim 17
wherein the average peak background value is calculated by: (i)
27, ThE S o EAI ARCIBBAE A (o) WAGO TS ey ohcesAnat has

comparing
a maximal value of a peak in said test trace to (b) the corresponding

78 Thg oint that has aximal.valu .ir(lya corresponding region of another
trggcge&lﬁds%%%?ﬁllﬁréfﬁvrﬁl ﬁgco’gls};{ fﬁ%&ﬁéﬁﬁﬁ@% cmparison of said
datapoint in said test trace to the corresponding datapoint that has a

29. Thg}ﬂé{%%‘ YRS 2 GNP RINAegion of another trace in said plurality
generating a common peak profile for a piurality of peaks in said heterozygous input
nucleic acid chromatogram: and
checking, prior to said outputting, said first peak or said second peak against said

common peak profile,

30. The method of ciaim 29 wherein said generating comprises:
deternuning the average number of datapoints in the peaks in said heterozygous input

nucleic acid chromatogram: and



69 traces until each trace in said plurality of traces has been compared in
said comparing (i), wherein when said datapoint in said test trace has a
value that is larger than the value held by the corresponding datapoint of
each other trace in said plurality of traces. the value of said datapoint is
added to a counter; (iii) repeating the comparing (i) and the repeating (ii)
using a different datapoint that has a maximal value of a different peak in
saiidtestgrape Girtib &ll ovra portion off dheppsiaks it RAIELSE UACE M Gucleic acid
s id comparing (i);,(iv) repeating said comparing (i),
o s AN TLBURCA0 e e TN, kg imon pes
profilesaid plurality of traces until each trace in said plurality of traces has been
considered as a test trace in said comparing (i); and (v) averaging said
. counter by a number of peaks added to said counter thereby obtaining
51 Themetirsrageldmakinakkiginatid vetalintS:oTheimethochofritaimitiwehereie of 2
test da&fﬁ@rﬁ@fﬁ@éﬂ@yﬁewt QHERIC,AG igegl? %@@ an reelljrj(gre Sgr%tesna peuglgieﬁue of
acid sequence from a heterozygous nucleic acid sample, the method
the datgRaii in B SABIAY ek Saibizheteresppgdasoinpidtien claigpoint.
chromatogram for a point of insertion or deletion in said heterozygous
T nuclejc ci{j ample; wherein when said a point of insertion or deletion is
TR TiaRg s%f?dn&dérﬁﬁ%?é*iéaﬁtsv%mrﬁwges@iaeﬁwﬁp@&l:md 8aid
second peak are each written to said first output homozygous
representation and said second output homozygous representation. 20.
' Thfc'r?é&rﬁ% hcgt&?g%lé?mwa%r%%? ﬁ%%‘%?&ﬁﬁﬁﬁf’g‘%gﬁ'nprises counting a
number of peaks that occur in said plurality of traces after said
3 inate; wherein when said number of peaks exceeds an . .
T R P S EEbarci e e oy seli
acid chsampiwiroh iglsirtion ovdeletidin ifirsaickheeronygoysanscteie asid for cvtosine, a
thi ; f.claim 20 wherein said insertion/deletion
e tr?f?ggﬁ%?dg #&I%%%?%?Egtﬁ\%v%e%%? and~ 7570 22. The method of claim 20
wherein said insert ion/deletion threshold number is between 75 and 200.
3. A ddsibhecaied QLA ASMRPREIRAIY AEANNIG.EATIAIRER ARSI IAng
the percentage of peaks that overlap'in said plurality of traces a &t 'said
performigs tinErs WhBreMerAsMibércentage  of peaks that overlap exceeds
an insertion/deletion threshold percentage. said coordinate is determined
36. A &9 be §aid~ oint of insertion or deletion in said heterozygous nucleic acid
- 5 SURNIET B SR RRATHO Srtkaitheoniwiaientédia esertsn/tsietiothe computer
prograithpesthaidcpeimésitagecimieiscendaue: RereeERBMAINRYRLAGEHM27 J0G

23 wherein said. insertion/deletion threshold percentage

ethod o'f.claj
machan?sg ef;[nveldgeedr%iffga}ég%rem, the computer program mechanism for processing a heterozygous

Input nucleic acid chromatogram from a heterozygous nucleic acid sample having a plurality of

a2
-3

(P
L

EN

substantially simuitaneous traces, the computer program mechanism comprising executable
mstructions for:

wdentifying a first peak in a first trace in said plurality of traces that is substantially
overlapping a second peak in a second trace in said plurality of traces. the substantial overiap of
the first peak and the second peak thereby mdicating heterozygosity in the heterozygous input
nucleic acid chromatogram; and

outputting said first peak to a first output homozygous representation of said

heterozygous nucleic acid sample and said second peak 10 a second output homozygous



percent and fifty percent. 26. The method of claim | wherein said

heterozygous input nucleic acid chromatogram represents a nucleic acid

sequence from a heterozygous nucleic acid sample and wherein, prior to

said outputting, said method comprises multiplying said first peak and said

second peak by a scaling constant. 27. The method of claim 26 wherein

said scaling constant is between 1.1 and 1.2. 28. The method of claim 26
represeqjpiegeivl said kiativny gonstasieis 0. 20 Tthe/methoghidffalsimipihBomozygous
represcEiDRG YN’ COmPURG: dEnsrAd f.eOmINANABea BIBNAL e gispave

plurality of peaks in said heterozygous input nucleic acid c{fﬁromatogram: -

and checking, prior to said outputting. said first peak or said second peak
37. Thagasteaito cammPATRe R Nraties 30,[ag method of claim 29 wherein

said generating comprises: determining the average number of datapoints

ﬁ?‘ﬁmgfﬁ%%mg% HEBPORRISEB U thtSleichasia otsrmsaagrasn: and
represeffihtvesAgHNDRBroHe ok allF ﬁu@@iﬁ%i@fcm%;ﬁ%lﬁ’am:%i@ heterozygous

inPElJt nucleic acid chromatogram that have said average number of

LRSS CHIBPE B ROy ST CEMFHER ISeaieCPRIFIITOEY THE FRaHUSBEF of
represeniaion 29 wheleiersaidehesking eimpsise s sleiarminig, whether a value of

a test datapoint in said first peak or said second peak exceeds, by an

error percentage, a value of the datapoint in said common peak profile
38. Thehangonespomdsitorsdiditestidatapoinheddn The method of claim 31

herel |d errar percentage is between 0.01 and 0.4, 33. The method

O S A 8 P 6 i
chromafglevairedid plurality of traces in said heterozygous input nucleic acid

SOEmAIRORM DRGSR B B, 2L (RCE L AaNIRS: 3, 2EE0NT,

trace for cytosine. a third trace for adenosine and a Gurth trace 1or
chromajpgrsiihe. 35. A tangible computer readable medium having

computer-executable instructions for performing the steps of the method

of claim 1. 36. A computer program product for use in conjunction with a
39 The SRR BYTEHT, RIEEpEREM proyhers proddéteorismsifng deompoter
comprisg€adable storage medium and a computer program mechanism

embedded therein, the computer program mechanism for processing a

ﬁﬁé’ﬁ&%‘b‘ﬂ? e HUR Rt Bt O aRTAIGPAR rOPROREIEFDSEUS said first
trace, a ucleimanic sanplectiavingval pluraliyi ot ssehstapiallyssiilianeqs peaks in
said fr{J 35624408 SOMBULEr program mechanism comprising execttable.

Instructions for:’i enhfgylPlg first peak in a first trace in said plurality of

tiacestthetids stihstaritially fovedapping aveqeaid peakdnracsesend iRgadn

id plurality . s, the substantial overlap of the first peak and the

second B e D e e T h e ol e
peaks in said second trace including said second peak; and

(C) instructions for identifving a coordinate in said heterozygous input nucleic acid
chromatogram that is within an overlap threshold number of datapoints of (i) a first datapoint
having a maximal value in said first peak and (ii) a second datapoint having a maximum value in

said second peak.

40. A computer system for processing a heterozygous input nucieic acid chromatogram from a
heterozygous nucieic acid sample having a plurality of substantially simultaneous traces, the
computer system comprising:

a central processing unit;



nucleic acid chromatogram: and outputting said first peak to a first output
homozygous representation of said heterozygous nucleic acid sample
and said second peak to a second output homozygous 72 representation
of said heterozygous nucleic acid sample wherein said first output
homozygous representation and said second output homozygous
representation are outputted or are displayed. 37. The computer program
PYBHMYST evaitedenvilirereitragith fiestiogtput. hlenmozygousiepeesentation is
Adishhamaziaeussequanes.aRiEaaRilenof,agid heterozygous input
nucleic acid chromatogram; and said second output homozygous

4 PrOgath FRSEMEatial R assBsheHRIsRoPPHGUL Segeiabls inspratentaiion of said
heterozygpis inRulmsoiRik ACId LT AR pRRA RS ERMRYIRE: is

ram product of claim 36 wherein said first output homozygous

pro . v - DUt . 3
substar g G ARBH s SoRFSDhBRAb ) GORR RUCRERS Aeieh CRITARIDQTArPecardsaid

substarse4oner RYIPLIHRGTRO YR UST SRy CERNAHEALIS 8- S8C ANARRMARYBRYS cosity in the
hetero nucleic acid ci]womat ram. 39. The computer program product of claim
AEWH TR LK hRHH CONEFSETaRRGRfIng comprise: (A) instructions for
markingpfoneaghsiespectvepeakiai one,of Foare, peaksrimsaid fireh: acad
hetero %%t?g@é%tip%\ﬁié‘g a rrggx%rglsjgpd\éaluegn said res ectii\_{e eak, said one or
ore peaks in- said Hrst trace dudmg aid Hirsthaak iy heriers i for
represepationg! forddactroespective ipeaical onepor wiereipeakistinsaithsecandy sous
| Vi aximum value of said respective peak. sai
e R R S PR Sl
(C) instructions for identifying a coordinate in said heterozygous input
41. ThRwslgiq.acid chromatogram fhat g, within an overlap threshold number of
, datapoints of (i) a first datapoint having a maximal value in said first peak
e (W)Shﬂédéréér?w AR SOHSTRRIFG Al IPridm G aine ingeaidesreont peak.
represeft @ DrCOMBYIRESYSIGR fOT IR CRSRINGLA DEHRFAZYEONS-INRY Nucleic acid

chromatogram from a heterozygous nucleic acid sample having a plurality
8?%‘6&?5%%@%#&91%@86% TRCESTHEC M pErep S et aomipTisingica

represc@NiHal (ITQCE SSBEHNILUE IR SRR cRUBIeSH IR te.geNtral processing
unit, the memory storing: said heterozygous input nucleic acid
chromatogram; and a program module, said program module comprising

42. Thexeocutaiblesinsinuotionsniot) dentifying a first peak in a first trace in said

urakty of traces that is substantially overlapping a second peak in a
Eélégflrf]r tt%lt% eulgnﬁggllgzg Ous i{gpgf*st?rétgte}éntﬁ & ?i?gt lﬂgmozygous ngcleic acid
chromatogram: and

said second output homozygous representation is a second homozygous nucleic acid

chromatogram.

43. The computer system of ciaim 40 wherein said identifying comprises:

(A} instructions for marking. for each respective peak of one or more peaks in said first
trace, a datapoint having a maximum value in said respective peak. said one or more peaks in
said first trace including said first peak:

(B) mstructions for marking, for each respective peak of one or more peaks in said
second trace, a datapoint having a maximum value of said respective peak. said one or more

peaks in said second trace including said second peak; and
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substantial overlap of the first peak and the second peak thereby
indicating heterozygosity in the heterozygous input nucleic acid
chromatogram; and outputting said first peak to a first output homozygous
representation of said heterozygous nucleic acid sample and said second
peak to a second output homozygous representation of said
heterozygous nucleic acid sample wherein said first output homozygous
réprarengition fnddsaiisegand outpatehomodygous sepresentation akeacid
ohrom&HE?ngans%ﬁ}Fﬁ%%eqla491’11"1@1%?%011@1%%'[ [ 0?%?1em 1(1)1125(:(') rg“%im a{t%tl Tbint
said first output h omozygoug representation is a rat omoz§ por
havinggapasimd eprdacnidiion péaahéieroxygodsiameinucieicacidaximum value in
said se6BR@matogram; and said second output homozygous representation is a
second homozygous sequence representation of said heterozygous input
nucleic acid chromatogram. 42. The computer system of claim 40 wherein
said first output homozygous representation is a first homozygous nucleic
acid chromatogram: and said second output homozygous representation
is a second homozygous nucleic acid chromatogram. 43. The computer
system of claim 40 wherein said identifying comprises: (A) instructions for
marking. for each respective peak of one or more peaks in said first trace,
a datapoint having a maximum value in said respective peak, said one or
more peaks in said first trace including said first peak; (B) instructions for
marking, for each respective peak of one or more peaks in said second
trace, a datapoint having a maximum value of said respective peak, said
one or more peaks in said second trace including said second peak; and
74 (C) instructions for identifying a coordinate in said heterozygous input
nucleic acid chromatogram that is within an overlap threshold number of
datapoints of (i) a first datapoint having a maximal value in said first peak
and (ii) a second datapoint having a maximum value in said second peak.
7i
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