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 acig-gegyanai¢aeings. BACKGROUND OF THE
INVENTION The availability of large amounts of DNA sequence
information has begun to influence the practice of biology. As a result of
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improved accuracy of the data processing software and e accuracy
apitbEgUPBECiEFESce the need for human involvement in error correction
and make human review more efficient. At present, DNA sequencing is
typically performed usinéi; the enzymatic dideoxy chain-termination
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carried out in which DNA polymerase synthesizes a gopulatlon of labeled
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chemistry) (Prober et al. 1987, Science 238:336-341). Typically, a
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whiieh %%A'\ﬁglymerase 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, aliow
the base sequence of the template to be inferred.

In automated sequencing (Smith et al. 1986, Nature 321:674-679), the
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5,162,654) for the parallel detection of four fluorescently labeled DNA
sequencing reactions during their electrophoretic separation in ultrathin
(50-100 microns) denaturing polyacrylamide gels (Kostichka et al.,
Bio/Technology 10:78-81 (1992)). Weiss et al. (U.S. Pat. No. 5,470,710)
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trends; and base-calling, in which the processed traces are translated into
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nucleic acid sequences, for example, the abundance of a base o
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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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or more than 1000 datapoints. In some embodiments, a trace has
between two and 100,000 or more datapoints. Processed traces for
nucleic acid sequences are usually displayed in the form of
chromatograms consisting of four curves of different colors, each curve
representing the signal for one of the four bases and drawn left to right in
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data quality problems caused by reduced polymerase affinity for the
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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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an ABI description of its base-calling software (ABI 1996), the program
uses mobility curves to predict the peak spacing, and identifies the most
likely peak in intervals of the nominal peak spacing, assigning an N in the
absence of a good choice. Subsequently, the ABI software adds and
removes bases using a criterion involving the uniformity of peak spacing.
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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 ABJ base-calling software that is available for ABI sequencers can
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there are many heterozygous points (base positions) in the chromosomes
where there are different alleles at corresponding positions on the
maternally derived and paternally derived chromosomes. At each point
where there is heterozygosity between corresponding base positions hi
the maternally derived and paternally derived chromosomes, two peaks
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approximately one in every 500 to 1000 bases has this heterozygosity.
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nucleic acid samples. For example, one known technique for validating
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polymorphisms necessary to perform 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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requisite association studies are labor intensive and expensive. Such
polymorphisms typically show up as double peaks in sequence traces,
and conventional base-calling software has no automated way of reliably
sequencing such double peaks. Thus, subjective human intervention is
required to characterize such peaks and thereby 6 identify
BRSO RGN e SRR GG OB
intensive step of identifying polymorphisms. Using the systems a
THEGHR Present invention, heterozygous nucleic acid samples
from a cohort population can be automatically sequenced in order to
%Wgﬁorphisms (SNPs) or other forms of
po ymorphisms each of these SNPs (or other forms of
markers) can be tested in association analyses to determine whether the
SNP (SPomEETbiReEpiritesie) theshertouaingse fithe iigase Nowdbr study.
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input nucleic acid chromatogram having a plurality of substantially
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peak in the one or more peaks in the second trace. Fi irst peak
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an association validates the hypothesis that the locus in the subject region of genomic
DNA 1s 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 sequence traces, and conventional base-calling
software has no automated way of reliably sequencing such double peaks. Thus,

subjective human intervention is required to characterize such peaks and thereby
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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,
ASEf Hsfpaina. ZTR file format, or an ALF file format. In some
embo%ents, the first output homogenous representation and the
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BRMRHSSS A0 AR RAANAX 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 mput 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 outpuited to a first output homogenous
7



peak profile for a plurality of peaks in the input nucleic acid chromatogram,
and, prior to outputting to output homogenous representations, checking
the first peak or the second peak against the common peak profile. In
some embodiments, the common peak profile is generated by (i)
determining the average number of datapoints in the peaks in the input

rBHEEIEAR A RNRTRINATRON AR Py R0 A BUATICRE LA, Porton

of the peaks in the input nucleic acid chromatogram that have the average
TeRIATTREISR R ApBR-ARIbeRSH YRS rdhesrriormhaihemesn Fsome

dembdinanisdheeherkingcaraprisassiviaminine wheiheranalve of a
test datgpoint .in the first peak or the second peak exceeds, by an error

UharcehtagE ia%ﬁi%t%f the datapoint in the common peak profile that
correspends dolhditestatappinichmsatmgamstanee s Bheseerfile format,

RIS ROYERN AbaYl 0% and ahoL04. 10 some. nsiances. the
error percentage Is a out 0.1, Another aspeétpﬂc??t the invention provides a

thedrib QvEnRub Fogregenpre dercesotiaiion arddbafgaetibauipithrarcegapiter system.
repRRGOMAHAR! RLAGHAMPIOM AR DR SAnROMRE e eRdAkIe, Storage

medium and a computer program mechanism embedded therein. The
fishpiite P%é\%ﬂﬁfﬁé@ﬁ%ﬁﬁﬁl&?&%ﬁ}é@&%@%g&m@ BATBER hucleic
fiaeifobhnantisiog puk b aminda il visdihaobsubsiaiali-shmdianaon shisaces.

The g&[ig{%u%aerf(%rogra@ me%h 1!sryg com rise%instructions for marking
O e S O B BT PR PPl SRR s eRdis Bftraces,
pealj ateldbirsichend pgal anasdrch mmitteatu chinftise pgak hdtse geonuputer program

répﬁgaﬂgé%ma?ﬂmsg&%ﬁwggﬁﬁg é@?ﬁ&%ﬁé{%@% {eggega'%& {BJy {0y each of one

or more peaks in a secon e plurdlity of traces, a (?atapoint
BRI arhteh ol nedend prebikisThenesmipinergsroudfive prakhdnism
shaithaneamprisasdatection oL iipntibinga.coardingte indhe input

nucleic acid chromatggram that is within an overlap threshold number of

da‘&&% OB?%B??f@ﬂﬁtapoint having a maximal value in a first peak in
the orle enfmenbaiakatiiwiie firstieaeand{iifirsRepothodatapant having
a maximum value in a secand peak in .the one or, mor aks in.the

e S e A

Vit detitmtpiak codphtthacpadnepicse ntationitbthe fiesieaipte a first output

hSRIYGE ARG A LRSS SN AHAN Q Eﬁﬁ%@f{o‘%&%é}ﬁ&g RG24 QutPyt

source. 9 Still another aspect of the invention provides'a computer
saysteresidie rssaddirgareinpisanirert @ heididarsiididg ramehaving a

eRibt AR SHRARRRIBrsLRLIR RRPUSIFRER S TS HOPRIEISYSI&Mnd
central processmg unit, and a memory coupled to the

comprising a , _
daiRtral ﬁ?glf'é&%?ﬁﬂ Rt 1 #7E A/ BrETR A Ak R R ek and
tichsermaiggearraadiavpiagianiadoileuthe: pragiamuieptde faIRHSES
tﬁg%gc%ctéoql%?f?%gwarkéggu@ fosr g{a‘é‘,h of one or more peaks in a first trace
In sal pciu aﬁlty ot fraces,” Iéfa?gﬁo?ﬁlf having a maximum value in said
peak. The®mprogrbedimeodLie fopikiendeimpridebrimsttugtionsiosaarking (B),

HQ 6860 PLANG, 1 FBAIE REAS 'Querﬁﬁ@aﬂgcgrgag&metg% pluralify gf traces,

a datapoint having a maximum'value of t . The program module
P5H SeAIRA D s et sefarhiymaty &ren Srtimmmat 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 countinga -
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
8



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

i | tti - Ul f fi k 19 a firs
e T AT AR A

sapibtedn stnemehrdimespethcorurbonJalstion treslield sumbsriphawreprdgram

RO ER U BHRAHYNGHAR M A FOHPHIRLIRY Mo EhS RANBN T
ag{rglo ram product comprises a computer readable storage medium and a

uter program mechanism embedded therein. The computer program
meché&nismeprabediaesntatiopithoddethacidnphvarpatagnian: hayingm

lurality, of traces. ;T he computer program.mechanjsm comprises a trace
o B B B el 0% g
: tmtﬂr@tirpﬂaloﬁtpm Iwmmm@mmmm@dm@did foivrprabiagham to a
s@ééﬁ@ﬂéayéééﬂmqﬂ@B&ﬁ%&ﬁ%@%ﬁ%ﬁﬂf&?ﬂx%ﬁ&@&ﬂ%ﬂeﬂﬁ?&e%ﬁﬁﬁﬁg Ina

second trace in the input chromatogram at a datapoint that corresponds
PEFRECTs ipeeReralsbb dbslstrpimpa tonisgenaushacemeintin fhesome
rEbadimeiis: the sesandpankoge s tEistedhmlrstRaako s a

coordinate in the input nucleic acid. chromatogram is within an overlap
SRR RGBT i AP BAAB R PN o Rl
niaibier ivf taegfirst  dakeln dofit)ise secondmiat aedtnirbiileing @nmaximum
in.the .peak. In some embodiments, the overlap threshold
o Ve O T R ot
ipES TR PP ONE FeqH & R AVENS 8yFiGerol prsoctescazcampofdresystem

dargigtesting anrh iAoz omReIsrReyIRNEY, InHGIBieAGId SRIuGACe

Ltracings in accordance with one embodiment of the present invention.
IBSRSCH RO TR Dredssa iphy WY rladrtivy arrgme
inhaiasierizingr beteraayorsiminonucleic acid sequence tracings in
accordf%plcglwith onegﬁbodiment of .the present invention. FIG.
illustrate S opPSE 8 REH G R ey R G R PRI SO TR PRe4eedPddifce
withrprretem bidimentpithey peasht tvemtienpis rdpthdsitadeamizdnput

r mogenous_representati hat are
B o SR
Pragent wventier Prarsilnethanisndn dsapaiiebf oraeassinann tndtwvoleic
S5 CHRAIMSRMOIRRALS pFERRRSSaenF IOt AEGI CIRAIS dRasedupon the

input chromatogram using the methods of the present invention. Fig. 6
iR Qe FEAAb T RAPRRSS T sHoms dermerdang & of forgpashipf one
vetidelipdile assaniation afthlpeusiydh waisensg.ofinerast Hitxinum
ill str.at&s tha{eig,gn structure of human_gene I-ﬁll%MTl L3. Each vertical
value m the peak. The computer program mechanism er comprises mstructions
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
(1) a first datapoint having a maximal value in a first peak in the one or more peaks in
the first trace and (i) 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 outpuiting a representation of the first peak to a first output

source and a representation of the second peak to a second output source.
9



bar represents 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
appen as pages 37 t0.66 in the 1l present application. The size of the
ool BT AP ARG A P RH AT R me of
oreationg andititendiEinanbds doungimT hbling delowitinTabliediallpe size
e, i es..I ' ' mn.one. Columns twe and.thre
e s S R
BERPRCTENed se e amed amecsfingavtife ThaplentorCeptes as inpuhrucieic

SRABRYIRLE) st X1l ' ) me
S4BT &R &@%%Oﬁ%ﬁefgg% %@?gﬂ&&i@&%é@?

Creation of Creation Splitrace.c The Computer

BRSPS e i GrstisEetrifr TamRePeaksrn aest S3REER 8181 the
filentmefcabtaiaddibeiiilmbecbyingarpometadhy seflereneeripitn
entirety.. The present invention is directed rd aytomating the process
B O B [ e S R A
uiesdsaseétiasy stdhe plsrabod farinterprstgwolt chiogvategianms. Ee eftie

H&E}H tﬁ@&‘ﬁ{fm eIt @mﬂqgmﬂﬁseg%mbﬁs@”%%ﬁggﬁg c?ordin te

representations are created. In cases where a double p ound In the
inBuieprbHE et chranalpgamdhahly migtivoaoseae thresbeldtinwéetioh
plageineafharReakpimineiistNRmesanaus RsseationRNdLe
second peak in_the second homogenpus representation. In this way,
RSB SUE T TS BRdHS & g RO A RS R BRSNS RS or
taoiRigpedgianinuss e uencpsjkana thutematcally. dieapad:-fan aachinput
ozygous chromatogram withaut need for humap supjectiv
L L R S S R RS e ety
ingpetesardsansticipneyitstiohidithe sheomot perkrios: cespivbodteciaoicin
heterozygpip AUClelcAGKLIEaRRARASaR, s msitads aliisrreay!
invention_ have wide applicability in several fields, such as; for' example,

BRSO R KB et YiBYCT SHSETE i BRoeRIBRYSIFAETIRIBFAMIICoVery),

ISERGIAIU ARSI SeadliRg RRTHESHRAIMAPEAS CEmBHRr frolaM SnaRYSIEM
10.for detecting .and characterizing polymorphisms in heterozygous .
TR e Sl S DR G RSP S SR AT E6 B FEr 3Bl FHeiiaeeida

ckntralquracdssiing up@Riyld taceaitheetnviolatpsiniage-tnitisa, for
g())(l%rpprglt% g tltg),ac'é%p f? 1%1%%?”[‘{%&306 split routine comprises instructions for
outputting the first peak from a first trace in the input nucleic acid chromatogram to a
first ontput homogenous representation and a second peak, occurring in a second trace
in the input chromatogram at a datapoint that corresponds to the first peak, to a second
output homogenous representation, In some embodiments, the second peak
corresponds to the first peak when a coordinate in the input nucleic acid
chfomatogram 1s within an overlap threshold number of datapoints of a first datapoint
having a maximal value in the first peak and (ii) a second datapoint having a

maximum value in the second peak. In some embodiments, the overlap threshold

number is between two datapoints and seven datapoints.
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storing software and data, the storage unit 30 optionally controlled by
storage controller 28; a system memory 24, preferably high speed
random-access memory (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

BRAE POV EIPPISRAMEnPoR{WREEgCe 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, griidreless GRmmUIcatnfopatners s ehiR A-segigencer (not

hown); and an internal bus 34 for interconnecting the aforementioned
SRR BY A CEPSE GBS SR PR B BRI Oy
bperedingisystesn. 40, which is executed by central processing unit 22.
Operating system 40 can be stored in system memory 24. In a typical
implementation, system memory 24 includes: operating system 40; file
systenf {35 i@Actntibitirgcabe prstssithpstepd fusifitegimpehd atarstaizinge s
HSBR Y8 BIRagRL RIE AR Rl RCE A MAMHE ALl
a heterozygous input chromatogram 46 into two homozygous output

EHEAEMCPe.g., chromatograms 52A and 52B, respectively).

Split-trace main module 44 reads in input chromatogram 46 and splits it

into o%&ugt}?mogaenous relgrese tations (e.%.ﬁtchromatograms 52A and
52B) using novel methoas or e PSRtV ERtHA e feraroBRee
iy orersErdnabedd thoyitesditiorescent 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 ﬁé}flﬁﬂk@%@ﬁtﬁg@@w diomptesaapitaty forenghrfiboressmtdye: at
RIFBLIMESeRIAINRIS AlONB.the eRRIR W fheig ol aﬁﬂ%ﬁlgf&fe%&mods
flugrescent signal reads, each read corresponding to one of the four
BELSBIE A URERERSS. Thus, input chromatogram 46 includes four arrays
of fluorescent signal reads (traces), namely 13 trace 1 (48-1), trace 2

(48-2),trace .3 (48-3), and trace 4 (48-4), where each frace uniquely
represgg@'s' %lr?é& Lc%)ria {%S)e ot “6?3&‘6’1%‘%%&%&%@%0 RIERESEIRGFARTS,
cirsimatatrratinedel erditeddnsbd dinrethe itpstretedhinoligm Lissiglihetnagbotizain
nedilg 44 ingligsa number of subroutines (submodules). These
submodules include scan trace module 56, which scans each of traces
48-1, 48-2, 48-3, and 48-4 and determines the peak positions and peak
spacing i S4LysEre e arphicasian theldees Aw iprersadng prmaIflis to

validate the association of 2 locus with a disease of interest,

Fig. 7 illustrates the exon structure of human gene HRMT1L3. Each vertical
bar represents 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
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datapoints and an intensity value for each such datapoint. Each trace
typically 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

preasRt apgiidatiera R heamgeof dtifen@Rifo () seval Lating Appapdadjthofteefour
Ha6R3 e BRVLEOMATRN ﬁ%&%@ﬁ?@@gt&t% dtl,?” BiRPafldRese

traces that denotes the start of accept ta, an marklngt ef’ nal

Ba RS abds RRtidURGRIIERN T DnEme dptoiié b,

Rl RRE PRI MO WAt RS InElUdesoPIAfile ARULRRNRAdMIE 64 for
building the common peak profile for peaks in each scan. Such profiles
E 548 reconstruct the portions of overlapped double
peaks that are missing due to overlap with neighboring peaks. Split-trace
main module 44 further includes calc_avg_background_peak routine 66

for calcufgiipg o6 RUEARRASHARRNSL R PRHIIIARRS G Arie as trace

U VV_I“O OU U4V UJOUU OULpPU l!_"lil"

representatlons (eg c romatograms 52A and 52B). |g.e ffustrates a

method for sphttm@faaﬁeterozygous Wﬁﬁte@hfmmatogram 46 |nto two

|n accordance with an exemplary embodlment of the present |nvent|on
will b ribed. In one embodiment of the present invention, the steps
depic RO 5 AFQRPIHRE AP et SACE LT B LI A
sohjootidre Hithass wasiedtihesincaliecby inoeedd bibteR 22 instep
202, |nput chromatogram 46 is read. Input chromatogram 46 can be read
rom any sequencer that uses four different color dyes or fluorescent tags
to distinguish between the four possible bases. Exemplary sequencers

includdPHOTCEFR! HChNTaE disegied sevpid feigmasradhinpregsis Phelow. 14

g@q@a&ﬁ&%@t@%&&%@%&ﬁ&%@ﬁ%@é@%%ﬂeﬁ%s tem
|os stems (ABI, Norwalk, 3730, 3730x1 DNA Analyzer Connectlcut) ABI

N SHEB7ES SR RP IR SEA™S 1156 SAC MPELISIR S ENA ChERyIringaTy
gemirppemcﬁ@g&twns RNASeqUen @eré&e@emﬁ eaﬁdeﬁ’d% SNb I JoitAs

equencer A m Pharmacia_Biotech

er A 1.3700 DNA
r(30‘&0561 ‘E&f&*’éﬂ%@éﬂ S 400 PAto ] SRS g ention
Souenob B pciinaniC i imee(Bulemon: GEAE00,EE68, 2R

B%C&Q'HQHH@H%SS %%Qg & Fé%%‘tte% this way, homogenous representations
(e.g., two homozygous chromatograms or two homogenous sequences) are
automatically created for each input homozygous chromatogram without need for
human subjective interpretation. Thus, the methods of the present invention
dramatically increase the efficiency by which polymorphisms can be detected in
heterozygous nucleic acid tracings. As such, the methods of the present invention
have wide applicability in severa! 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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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 and operating conditions. A list of
common textual data associated with individual trace files is provided at
the Natiortal Ceaiemfor-Bitdtde!staigg it oy fationatradea bpdsiideydrive, for
(http:/www. %&Hﬁ&%@&a&@%ﬁrm%é @t&%@eﬁ@ﬂ%@!w’hm Bintrofled by
chromatogram is an ABI trace file, such as a trace file in the' ABI 377 filé
format. For a%%‘?iﬁ%ﬁﬁ’gﬁltﬁ@;ABl 377 file format, see "Raw Data File
Formats, and, theLigiakand ﬁ??@&@@g@@@éy@mﬂf&@@eé%{emory
PRISM 377 DNA Sequencer," Clark Tibbetts, www-2.c2.cmu.edu/afs/cs/
projectiwww/ B s IFOTRE YT CEb FRatE e aTARhH$2th 30¢ application

chromatogragdifaisdnindledic prisaat B¢ Rafe1matedHiesarbainithe
data for a single readingzgfnd include its té%ce sa?:[égle points, its called

sequence, the PRETHEHE Y 1 HASBLIUH AT tHEC tRSEROE SrA Boints,
and numericahestimaRSMi;the accuracy of each base. The SCF file
format is machine-inggpenggn%%} a version of this fll farmat is d
described’in D& ARG Staae 1 ,g[S)RFAogléiaﬁeeﬁl 85 T07 Og."llgqmoar
some embodénentsg ibpuincte disgttygr&or dthes aetthe dEFiRecompressed file
format. For more information op the ZTR file farmat, see Bonfield et al.
1005, Nubied e R SR OBt s O R AL S S o
chromatogramizdeRs eemmiubifotoratsd difle and/ 67 i© a fitguorreaindesisiopid
by Amersharp Rharmacia Biotech (Uppsala, Sweden) for storing
sequence information from sequencers. Regardless of the specific file
format of hpan dhtesneiog dhiaenesmshuicting fovaforesesntigtsihaements of
chromatogramakefggpectively separated into data structures 48-1, 48-2,
48-3, and 48-4 (Fig. 1). At a minimum, a trace 48 includes a series of
datapditReait ShiiEHd Adsreradndiemasili biersrting srstoas a0dich
sibiesiauBleienasl dithesaugeis: aciddRahisnRaNg-Hea0eRcs) Sored in
represented b ingle datapoint in each of the four traces. Datapoints in
&%‘?{"o‘i"‘ﬁ‘%&%ﬁ%sﬂn %@f@fcﬂ%’%‘}’ MFHBUA T Y SSRGS 3B aa?sthey
represent éheppatignbasgergasition 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 c%ﬁé’é%%‘?? ré’ﬂ?(g”&%éﬁ’i‘%r%‘i?@sﬁéoa%@ﬁs‘éﬁ At 8dBnted
by the datapsinitinehesedppertparedet Hoediohxandlary data for traces

tensity v 1uSR AR b L R SRR BaPE
_considered ammmme_mmgmwt@mﬂtﬁﬁ&mmgjjy,
or (1 5 hotor A SBAh SE bald e RS A ganiom in which. the
correspofitlitrgemmantabdnlg phreads bemorh dsomats gnan dértidaiplis iy iotve
ShiNG Howb gaseepanelen ARAPQ YRR ARRER. YW SRIPISHT ARV
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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illustrated by datapoint number 6 in the upper panel of Fig. 3, in cases
where heterozygous DNA has been sequenced there will be datapoints at
which the maternally-derived and paternally-derived chromosome do not
have the same base pair, and thus two of the four traces will register a
"peak” at the datapoint representing this mismatched base pair. For
example, consider the case in which a region on human chromosome 3 is

ey 'sdubntiace 34brd)eBaeedt Hsidlo 2yd taserNi8 danvpiers, eichstrace
nesgikle foprashitsane base: BOSIRRAA AR ki matsInAlYdeiyaahe,

chromosome 3 to have the base "G" while the corresponding base
SOSBS AR Y aternally-derived chromosome 3 has the base "C". When

the bash fiasttsndinseqilaseetdiathifhe, datapairtinihadmse dhatcludes a

represents the dye for the e."G"and the datapaint in the trace tha
Do e TR e e I BN AR R e
iaswiiel seemigach ofi tolvashdtb gt 483 ofddigs 4, andsitinmBacs they«Rs)
incle ; u hr ograg. 402.is read, ,.
D B L e R S Bt

Slaigramrisigng shivieow velihfetotasie spdudaianeinb Ersbdtaed tapidadiyiit into
homeAy oUS cARULNGRICIIMAIRIANS A3 thal samibes Q%éﬁ%%%&&@

on an automated basis without the requirement for subjective

iHRsHTRRSARSTRIstEA A Riehh ssas 8 stsmvales fon crehcdaiapging ctherisee

uspiesearn tiage dNosehe. Sean racerRAtMeIER NCIIARS twadgudtines,
peak size roua%gg 58 and. is_pe kgoutine 60. Peak-size routine 58 helps
)

it e O S A
BBpatcbmthimﬁh' 5 His, (@hﬁ;&cﬁ&gﬁﬂhﬁf ! Ii’ﬁﬂaﬂidﬁﬁpdﬁt&ﬁ@ﬁ&%@&gﬁ@ﬂt‘lﬁﬁ@tﬁs
if it.isthe inning o ak. If pe ize routine 58 determines that
Z[Sdgi\%# gtagﬁe |%na(t%llfr%1 a ra%%gﬁ?}sr%ﬁre §3$ r?ﬁr@ &%pﬁé%% Friacsolthe
disteried teschd wl araegtdvtalatintSpdite tladhmpeakodnid 44isuntertiec]lodes
s | ing.trace status data structure 50
S L P BB PR G,
4829 aRprh grofilssae usshaton iprpmapled inapuintuse ginpartidasafoiverlapped
rasRRIeHEAKS tRe A 2izsiFg RS LS ARISVHNIRi SRk QUALS. tREIRUIRET

of datapaqints in the peak, and stores the datapoint peak count n the trace
SRR AN Edr e e Ere R peak o wineS dpace

sialtigasing s 20c1:p0 dRReodas Re Gl waaldhe dalalclement JSRrRRRRENG
Qatawr(l)%']nm %tBe b%?innin of the peak). Information about the most
3 S

OGN PEAKSPLETES 1 OBRER IPIRLFRORS SERTERHRIN (foke Y iRatograms

spPlt-tra62Bain module 44 to properly characterize trace 48 and search

for dou & in such traces. While peak-size routine 58 is directed to
detem e B B e e it bl o 46
iHendfrptE modnyeenssiresohietichsieak, dhaotimopaaks 5agitiod 62B), in

anpile. lReiconng, A0 Yallaee sacdRapRIDLIN achphthe four

traces 48. For each such datapoint, is_peé: ne etetmines if the
disespORt ideRee FraRpdimeny af b uprassatlavisisrishp steRs depints b Fig. 2
38 I9RTRR AR PR OSSR o R A By STARH R RFAK QI RIWRES

is peak routine 60
cﬁlrfe 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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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

at.occurs a apoint 6 in traces 48-1 and 48-2 the 17 value "PE",
e e

IS equi ' ﬁ%&rgegTATUS PEAK". These designations are

Gsedpayysplit-trace main module 44 in shligletjuent processing steps. Step
( ' equencers, the quality of the

ditafeiicarsrapeinraml.the end83hdTaddaNg thprlatisr not

fefiBBtetiatls, in step 206, mark_valid_peak_range 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 reliabl‘é‘%g%ﬁ%qa Qeprge Analyzer
embodiments, mark_valid_peak_range g%gi‘l}g,gg éﬁgﬁ&@eﬁgi&ni@&ﬁgj /

the valid peak range of a given trace bé@%%%&tlca Ignoring an mitia
predetermined number of datapoints (IGNORE DATA INIDEX) in the

trace. Then, routine 62 looks for the |G{RENSTRR Sehfenderidbizpak
to occur after the initial predetermined number of datapoints have been
discarded. For example, if IGNORE-DANHN-RRENEIGE7 Y A fadGNEORE -
START-PEAK-NUM is 10, mark _valid_peak range routine 62 discards
the first fifty datapoints and then looks Eﬁg%ﬁﬂ“bgéﬁufél%cur after the
first fifty datapoints are discarded. Routine 62 identifies peaks by looking
idmgretpRAGEmSTHivecR EAK s desig idtigabin TR (p poPHadet 06 e LF
Stwrdswata structure 50. Recall that sudBhpé&eqiesignations were made
byis_peak routine 60 in processing step 204 above. The initial number of
Bridpeints (A GNOREFRDREM, INDEX) ageQaals, 8800, 2000XL DNA
@alifarniE) START_PEAK_NUM) that ageqiseardedesgan be user defined.
In one example, between zero and 300 initial datapoints are discarded

and between 0 and 25 initial peaks are discarded in order to mark the

bt e

iaeS| anatpdsk. Ixpseldn tonnirddonaipgercl tepmpriscs sagscimpliindsacthe
80 QNI AR eshidRan. (aHlaeAd soutal Reaks fiemdhe trpinglead of

each scan (excludig the terminal ignored peaks) until_a predetermined
AERHERTBE HRRHKETTR ReSRES IERPBESE: RROWAHRg B Hddnr TReard cacrbng
iegidhbasinAlBegsemmenad SNORE aB3Adided MRENdis tifty &Rek files is

CAORE EUR A N s o e o e groed
dhtippomisy isdedigmiiedvARrshesjerminal end of the valid data range. The
(GNOAL R SRR her it et e e e
dileria aetid BAAGE fUE doginesn Hrerce &8criptitie afshy AJRMIBU Informsat, see
MR PSRAR QAN SPR SRR L IR RRAI R AP Hliscarded Andiks
PRISM 377 DNA Sequencer,” Clark Tibbetts, www-2.¢2.cmu.edu/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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between 0 and 25 final peaks are discarded in order to mark the end of
valid peak data. Step 208. In step 208 profile routine 64 first determines
the most common peak spacing for the peaks found in the four traces 48.
Here, the term "peak spacing” means the number of datapoints that are in
a peak. Thus, the first goal of step 208 is to identify the most common
peak spacing for.the peaks of traces 48. This is_accomplished using the

informatisih SRR SRR R ERERTsiP ER A de R i opmpisessk Gise
foutirie B iderdifidoriei peak hpITRGlerfeash peaRinfkaees A8 1396,
aged this,informagi start of each.such peak in the corresponding
R e S S S8 b Bk S g TAHORHARATS
@V%Mt@dd@ﬁtifﬁkﬂfés st bomutndey gopdddpadingrstasdi@macia Biotech
%i”maeﬁ%‘ﬁtﬂt?%%f %#?ﬁ&%?&‘n%aﬁ“ﬂ'g&%ﬁ“s@%%ﬁé ace (¢.g., 10

e .
datapoints) or greater a maximum peak space (e.g., 50 datapoints)

are igrivreadlase pidbeemacindith Emuptofdmmm shrpealogpaciity edche f the
RIRRSRQIARGING: 118 TRARIFRTAROR s%%em@f Bgré_%e&?n@g?&a& BrQlg gt
this most common peak spacing can be created. This profile is used in
&fi)sdfdelt-proed démd e ds thninimpm: gitiae Hruelidsssnerieredd
ospaios biel paakspieaofofleidrtR g MUGhHR dhe BRds] Piafi: Thers
ofigz I Jn the.art vg%ll agg{ﬁqate that tfée,re are man% different Wa%/s of
VB 3 HSHE T BE BOBRSIRILRGARISRRe SRt Bt selnnfrpaiat in
suope tfetfiepresent utepdion itreaheé mheditseny Lactsmrakd ingtheddour
S aving. apeak spacing that is.the most common spacing.is .
S e S S R R
fepraventBoreceohirtuitentireaghvaf theepth e saxhindithtolouf tiaaesnBy
bAHD IT05CRMMID RE Bl SR RENC 49, SRS SHIROENR BlPme
composite is normalized by dividing eac cfata ointin th compos?fe peak
BRiapRint VA de vamsremebo iR S isxerep]ate dets fonttedot fHeadd tedint in

the@e AR HRAKINE AR AR RY RS ARRINATMESIR SHEh Fow

normalization process are numerous. For example, in some .
B somAEREECH Fiest A smhe fopeidrrepadagreint aicepaminaieg fdnput
thelpangeantlycdetermined and a profile is developed for each of the four

traces 8]n<1f endently..In spme embodiments, profiles are developed
for not omly 1 gﬁ%&&f%sms SER LSS B dsrehsE Ak Wacings

tetrarezsiighity Bmshetcorzsightnitigebéaamie fronstcomimion peakich

' | bodiments. a check is made to,ensure that a peak
B o e B REL e
- PamRroressrsmdite dislensik ib dlio feaiteis widod gstor ofile “peadsik Hblhav s, 2

eRkR e6IeeiebIni RRERLH AOWRLINASAR Whole e aougsRonding

datapoints in each of the other traces 48 are not peaks themselves. Step
beterory stup A6, hae besersgacnerkirsandlidrgiaspeintsmputhich the
shtemARAETAGIR geleripeETiSIRARNGHIIAG ABEHAIAWINGme base
algorithm: 100 for each datapoint i in the valid range of datapoints { 102
71K ’dmg&gvg{gfithe four traces will register a “peak” at the datapoint 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 trace 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
16



104 if datapoint i is a peak then { 106 compare it to the corresponding
maximum peak value in each of the other traces 48 and, if a
corresponding peak in another trace is larger, add peak i to the average
background count and increment the number peaks in the count by one }
}} 108 average background count by the number of peaks contributing to
the background count Essentially, this algorithm works by identifying the

daibhRojeik. i pwd daedirotaie e BRALG kel TATISnPRA K iRG dirfste
04 abpve (lines 100 and 102). When such a_datapaqint (test datapoint) is
Rt LATReE Rt SRR e SR et S v e Bl
porkespobdireggbeakaim spithimb feneyziniftliates” Eitherteastdata D ithhat
hasq. value that isd h one of.th rresponding peaks, the
R s SR A e
thenaneptegergiaireround count (line 106). In some embodiments, the test
datapoint must have a value that is less than the value of a corresponding
peak multiplied by the MIN_OVERLAP_PEAK_RATIO, in other words:

test dat4orilt'< e skagIdnehryciibakow thgrsH8risgsanned using scan trace
MO Vi RicAPRAHSMERIVIN TR Y REAP pRA IR isdhgeminimm

ratio hetween gée imum values of two, overlapping peaks that is

Bk F R ot S SR Rt BE SRETB IR By BIShrmRgE Peak
spphseth adhetaseydierB aniafhecpegiisiesdasahsibarkgitiatdg amnh
t ther. Ki b i [ bodi , the . .
ROy e B A e B PR T ek T emizageptine 58
detertapintiape ghendimatinhinontategtans 46, theynin beatpeake thasthe
inga.i i { [ least .
R St S BEN O BB PRI IS S B 8 ines
corsanTaediinribe pestetprndimmitasoriatis e gusiuns S b semrgsouting e trace
ageay ﬁ&&%ﬂ@ﬁf‘?@g?&%@%ﬂe&eﬁ%&iﬂé&ﬁs@%ﬁﬁr@é@!‘aﬁ%@éﬂ%ng

The algorithm repeats for each datapoint in the allowed ran

G SpaRaEts PRES (lapre i usRatrotin d cdusidsanipe A8rtertsibinber
pbiigekgraund Reaks: 60MtABLRIROIAHE BV FAARBASHEENG GaUAAO count

g{iieégi the av%ﬁge ba(g;?roundlcount vaﬂlﬁe. Ins rg1e embodiments, step
A B RIS AR Y g SIS PST 0 Re TS TRATE TS S8 1n
step2ighyly a0e] dath B2 ctispesiSelgret shadaac ienpistet jecidamtifydtapoint 4
e BT IARR  Sa, re
wants aeariGve dalprsimugntly used by the split_trace main module 44 to properly
characterize trace 48 and search for double peaks in such traces.

While peak_size routine 58 is directed to determining peak spacing, is_peak
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 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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peak arises when, at roughly the same coordinate along the capillary of
the sequencer (in those sequencers that use a capillary), a peak is-
detected on at least two of the four fluorescent signal scans. Such a
coordinate is a candidate for overlapping peaks. In some embodiments, a
first peak in a first scan is considered overlapped with a second peak in a

second scan jn the input chromatogram 46 when a datapoint having a
AR T G0 1h PRSP BARFEH b Do S Eeapas
attireddstapliintdea vingansaisadih vabieqiH greeernd Bepk. In other
words, step 212 seeks to identify a coordinate in input chromatogram 46
that is within an overlap threshold number of datapoints of (i) a datapoint
havingSemiddnial tradesedi mditsted bpkyipialivajisace ¥ thingohiomdtagram
ji Int having a imal._value in a secon in .
R R ATy s

op _ﬁ% m@m@m&gmm@mﬁams {hriaitis] poértiatagoietsrace 48
RAMDGEMBXRAL YRGS i m%%% ﬁfﬁl%dgﬂr%%%@é H%%eﬁg#%gb% "€

datapoints of each other in the coordinate along the capillary
edsu dncema mhedimenis mate ralidaperic BRERTINANRR 68 Budsithe beginning
snaoctinaessk Hege \WeH bl @58l AUBREH RO R dAARRAINi N0
‘datapoints, %our q)gt?ﬁ:o nts, between two data]Eomts and seven
PSRRI LS FlGRBa Al AR RARARDD HRbipdhgace. Then
Butise q2 itk focelss IENSOBES ST RITe PBadinaRigestifiesotutaier the
rpcessing step to see if a ber of rules are satisfied. If the coqrdinate
S R, QS e Rt g e
MdOREnDYlde INRE&Nofi flyeatwd GHEARE (RAWGRVERIDAK |2adEds 48,
ChuP U3 :_(,B ! h aks are ultimatel
iﬁgﬁ into sé%%i%i‘te out\p{)ut C %ﬁ%t%%ﬁéasm |I§§%§¥§r%%gﬂ%%\% y,%ﬂ t[‘i”%‘s

fou shes tanth pade te Airer afiartths Ao EBTdktrppinsantationndtdh Rpetitsad
MEIET{Gc2RPEY AR NANBYBROUSSREHSTERTUS HRICRHIIAinG Mshe

coordinates in input chromatogram 46 are checked by successive

IREIGACRE Brase S4t atmrdae rinReralb byt mriypaelo Aesignationstiere
m&ewajalie jm@@ﬂﬁﬁeiﬂdh@ﬁbé@mﬁ@@@@a%%déﬁ f’@ﬁ(}jﬁﬁm mﬁarue%&ﬁain
n overla ak. en qverlapping peaks are found at a _coordinate
R B R R B S I G SR
taeakapiing drdaks deeusaukdthattifiniaty sxvhepid/ tepesksdoiBRUBO0 initial
m ram 46 are top crowded. T in.spme embadiments.of the
e R e R R
petkthesvalldeptakastertdetermine whether there are too many peaks in the

S R R G

Provaemsnatthegins b otdte idouibithedniiahiitid heakh et astdristminel
RERIRP A%SmWRE BARBHMA'H RN fERROIMAMBEEQS §41ERnts

peaks, the overlapping peaks identified in the last instance of step 212 are
RS Rmaite tEy etk SRl s sn ol dnerhsgsming igagesdaaks) untl
sepeaseniatiensuhve PAFRRSRCNUR LY piRalyPesad INTRepessindestep
glgér %P \ﬁ(indow size, atg]g C(g%e? ryaxi%m number of peaks that are
AEHed in WIS ID8 Besy Woere 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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example, consider the case in which the window size is seven and the
maximum number of peaks allowed in this window is three. In step 216,
the coordinate selected in the last instance of step 212 and the three
datapoints preceding and the three datapoints following this coordinate
are checked in all four traces 48 (for a total of 7 x 4 = 28 datapoints) and
the number of peaks in these regions is summed. If the number of peaks

BEPEAD IA@ 16 11ies hdiie i Bkeaa LRI BAGSeaIOIReR LIS agseRach
eak in the examined region is flagged as crowded and the peaks In this

reaglbn are not separated into different output homogenous
representations. If the number of peaks in the region is three or less

(216-No), {hgp e peakinare otliaaed ssgioded. JLuilbe, oo,
apprecia that di é?ent INAOw Ssizes anérmaxmum allowa 7e pea
teastisklia Suthewiliowwides tarfhe tsed. 48 dders bmtsuditpeditsptomg”

YBgR ' Sie SAPIned I leR:2 48 IR Peiweemd and %S?bt%ﬁf)&@‘sﬁep 208 is

between 5 and 10 datapoints, between 2 and 20 datapoints, more than

50 iderEpOIRInes| cesuRemIsakawesia s, the prslwcbhnsedihehtds ihe
mayimpial awabiennphsiRinaakn0 ke widawsarlied.dn BaRAd&is

twao peaks, three peaks, four peaks, five peaks, between two peaks and

IH PSR HERGesidrtirbibe Rrk cRacHRaiR Sidracidh tsgsddiador
Isiascheiis Sefopaaton Ste 248 ek saCOnaRiRAssesTasiairl Sin data
determination is made that the overlappi eaks.identified in the last
T S TS, 1 ne ot G PR S ATRORS 10 Werbie
pagk s anertngerb waethpdethene Emiedimente ptak ptieatent daisampositive
t h,pea re flagged as crowded and are no_lagnger
i tte s oS R S
theth, Bhdstirhivitbererisueree srheedeteioisine g wiosd neatomapeskSPAcangd
52B). %E%u?ﬁ%%ﬁ&%?%@%%s?@&ﬂxﬂ&gz%%g( Sipwded ’tﬂe[@acﬁfx%sﬁle with

control passes to step 234" below. Steps 220-224. Although DNA"from
dEiesptReRe PRERIBaERESEMdheesdy il savspids sivseadase

ebRksthe MpxinuuwainessafysHARRNGnRERKSIATE R abA a1 8o not

same. Many factors affect maximum peak values such as dye amount,
ﬁ%?ﬂﬁ‘ﬁé?ﬁmﬁ‘ﬂ%b’%%%%‘@emg ! piodilgrotBoth afeiilin the afoiid Aerrssiate that

Qhﬁﬂam@?eﬁ’faéﬁth&l;ﬁ olifferenipaipgnl fbstes pbalsprvgl € mkbaipents,
the ount of , allgwance tolerated depends on whether the smaller of the
A e 0 SR Eebab ey R el o S

two oover%%plng peaksis ¢
anthedonpletee{ Z3Maas}), aipenkthmciagithheitbe mthechirst(@nsaliengieak

a0 §§§ﬂgg ﬂ%ﬂgc%%%%)azl(rﬁg&f) a8 II; 0,2.1n9on bodiment of
%egl;n enti ?1 step 222). In so_nﬁe‘3 erﬁigc}??emagﬁ%,% %ﬁg ?ﬁi%‘r%ﬂérﬁmﬁ?’éﬁgﬁ%m
afiomphgite tiecarhaifdhppedkiscragh efiibiedompletesid bbawieathe mashd
Q&Emda ﬁé%%ﬁ%?ﬁ%(“?ﬂ SMPUHRANRAE N R QYRRIEfaleds at
least 0.2 or at least 0.4. |f the smaller of the two overlapping peaks i5 not
duddingerelirfaeint o threrprsiteReaaln Hatedvetvd e mandvalieda the
RERKSISALB KPR @S 25RaIhem %P IBRRSite 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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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
FropingeniHaihsrerse seherniho ppasnesdingtdp 2281w ie rach efteaithare

33 dabeted A% PedHENRERRRING peaks. Pseudo overlapping peaks are
written to each of the homogenous representations (e.g., output

chromats§ratfhs B5R Sl b b temiep hsckeanpidenrerksiaiansh being
slibini® @epRIate’ eRemRtAg reERsis Ansedhingnaa ks baue hegmdagged as

pseudo overlapping, process control passes to step 234 below. Step 232.

If the overlapping peaks do satisfy conditions 220 through 224 (222-Yes

arg24-esjdhdmpraaesnchantedlasgestdAppia2 where the peaks are

Iggxfled as ov%IraE%Qﬁnga@g (TRACE STATUS_OVERLAP_SPLITTED).
Y&

rlapping peaks %%M{; en fo separate chromatograms 521in _
sigsequent processing Stegs, InSre.ehbdiments. the, verlapping
peaks must satisfy additior{gﬂ'@gﬁ%égh QEdeL 1R %éfg&a xa 38,
overlapping peaks. For ex%ﬁ%@pdﬁhﬁ%&% ARE S ?1, ller of
the two peaks must be larggtham sQg Hrasbeith gAY gvel in

order for the overlapping naaksdeRecBsianaIRg psRVIIaRRING, fihe
smaller of the two peaks dggs not satisfy this requirement, then the peaks

are labeled as pseudo overlapping peaks and they are not split into
separate output homogenous representations (e.g., chromatogram files
52). Step 234. In step 234, a determination is made as to whether the
ciidipleteersgtidbacigiorund thernputhehrantatost praldehasheng aheeked for
overlappickgpeaksotfinot (234-No), process control passes back to step
212 in order to find another coordinate in which there are candidate

' : are repeated f;
RLARHIDARE A TR AERR AN, S S ICReAIgELE!

r the.n
candidate overlapping peaks i o termine whe abe E%tée?ég

&
e

cBRdidBte BAdlianFRG Ip £BKS iastepciti ebloye dliseptikeraréto Whswelsd)a

RERUHPUEHIRRIPG ADGR IS NS AUSHY IANAAFHOTOMN is compared to

requirements) or overlapping peaks. Typically, successive instances of

Hepeomss Rerk BgrdhRARe Tema kR P Peaks tadiriaprint has a

CRUIREEER G ks 41 Rati BE A FIRE cHFRUFBEIING Hal: One 28EhAHINEIs made
&I%%%g?to am to the otf%/er, #ntil Il valid datapqints have been tested.

S & BRSKBTRAG Rt 0N Ye Rt ittt e e e e prsehod e
félited0y)aiproachetatodiaiaing thy exafpineaatapainisdn SUBReEsiNeless
instances .of step 212 can .be followed. so.| s all or a portion of the
o e B o RS ik LR Bigh 234, Step 236, Once
aMBspaiderd Ve fEgdinR pd#ksihatebeeniiabeled as pseudo
overlapping, crowded, or overlapping (234-Yes), a new loop through input

24
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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chromatogram 46 is performed in order to determine whether there is an
insertion or deletion. Traces 48 will have numerous peaks marked as
pseudo overlapping or overlapping beginning at the coordinate where a
deletion or insertion begins in one of the two chromosomes. Furthermore,
because the chromosomes will no longer align after the point of insertion
or deletion, there will be more peaks in traces 48 then would be typically

found, i caresSRARding MO AMES RS &59&%%%'1%558%%@% of the

Situation is illustrated in Fig. 5. In FIg. 5, an insertion appears

dysraiperle (HBesvitselHbie rordifinmsinnelsictatie smalles prainis seeiehees.
bhsiarbem FordinalR LERIORe INRFSIMEBURIBI NS RSKS IRheiNRYtbove.

chromatogram (box 508). In step 236, a datapoint i in chromatogram 46 is

selectelPaBSTEYR fRsAth fofseudmapiabisthgadiencs senes i fopoistiep
238 hiecksetagnbkek sviginalitesaorlinaletidentified i thek Jashinstance

of step 236 is not in fact the beginping of an.insertion or a deletion in one
PRI} RS B RaRT P MBLLTALRL & RSB oA AR
sainpldnlsporendrotiadine ntepf2theippestontniad/Bntion, the

i@eﬁgrggg_/ggl tion ccpeck IS a con%%!ished using two different tests. In the

ak
firsttes etermimatiorris made &s to whether the number of peaks that

remain in the input chromatogram 46 (or in a certain region of the input

chromaipgram 4@&@%}%@&5@ soptlinatey (datenaing E?S"q. g;%%&%

i
last instance of step 236 exceeds a threshold number peaks.

@STIHESIC (Hatepeint 3o Hdeud Se efdbeJanr WCErebasipienk paale within

fetlowsiatapaipt pisARAtKEH a8iRNcIRAVREIAPREAHREAK D SRR apping
embodjments, the threshold number of peaks that is permissible in the

REFaTEs Bheth fhpRrEtY SRS SroRr AP halvne & sepaiay f thsetcamarer
%0 el Qubive tat ibanchpPanbeiwwrainid Forand 400t RagreRieIrthafour

0. The second test that js used to detect insertions and deletions in a
R A PR b e
found intbemeembntaent thdimpuakhironfato geami Ao {sisedeveriago afth
the.i om [ fallowing.th tapojnt i identified in the las .
A b ERISRRICh G A0 e £ L5oqR v

rematidemoibe im et folst onalitisgrahins thiestisldovenkzayoifdpt@roints of the
REEHIAR YRYARNIN EXEREdNA mr&%@%m&sﬁtqg%é?e?%%@s{ R12

process control passes to step 240. In some embodiments, this threshold
SEFEE ALY Benrsdinalf i pepubrtamiamany Hetkait Witivore prederred
eRbadinaninahis dseshaldPereaiapsie mﬁﬁﬁlﬁmm Anddifey

percent. In still other 25 embodiments, this threshold percentage is .

Rk LR AR B OR DS R G DAEAgRRS FadngmBeimeht,
thehibie sheldpEpeaniagaisdudemiyfieipereenktSinmad0. IR pgesseantrol

S AR el S el
daseyEmckiset viloveitabp duspaak sctivat] padkh eastire vithisl yhide dtifipdias
BRI B AN IR SR AT o
deipgoeery thataweoncapfiley). In other embodiments, the overlap threshold mimber
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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detected, is written to both chromatogram files 52A and 52B. In some
embodiments of the present invention, deletions or insertions are
identified and flagged. Then, an attempt is made to realign the
chromosomes after the insertions and/or deletions are accounted for and
flag overlapping peaks in the realigned sequences using the techniques
outlined in Figure 2. Step 242. If a chromosomal insertion or deletion is
it pletectedbasdedbabant!itH@R8:-Nejida fetesentariionf hardesas weitten to

I ints iinin hromatogram 46 have been assessed
B s O e St G 0ES ST mor
Cromb)Zsre 46 sscabrtisidfassestsatle togiepe@86stup 21€, itypicaty fatidon,
. j intai ' . ogram.46.is sel . Ste
B L AR R e B8R
dfghar rossiRIB StEalBiRe DRak- f¥fhep stYedRPE M BorkivaTes UsMbay goUus

@wdnaringdResksnieIRRlYha\ehigher values than heterozygous
peaks. Step 244 corrects for this phenomenon by multiplying each

homozygous peak (each peak that is marked as overlapping) by a
constaisted ypicallysthis easian] is-tHafpiopiwe ake seme SaTedipents
the constant is in the range between about ]. d ahout 3.2. Step, 246.
it e D b e e s R
decpuastat iforitistehotgidaor eachdatkpdfitd paancd vesdppecenpeakstiat
the com| rofile that was madeled in ste 8 (Fig. 2
B e AR BRI L e RO B e e
todplerprnaiatideanedeny tthehashaniberpisakqsedtive. dthpréfeldedmber of peaks

m@gﬁgﬂ 0ROkt REAS %@%@d]&g{gﬁsﬁ{&ﬁ ﬂ@p@&@%@ézdﬁgtg}[ﬁde in

EAK-ERROR ranges between 0.017to 0.4. Thus, step
ditasbinstanescthiavdraphig deakanpmersding Hycsheld mgabriofaich

Peprotiesaninahsieriale riaadnuchirom theceouras sk ofilept
de e%oged in step I208._ Ste??248. In step 248, chromatograms 52A and
é‘i’é P SR RSSIl DR OB i R RO SR RS dREIRREEIS TATUS

OVERDA:I% Bﬁﬁifeﬁﬁlatéllﬁliﬁl_ @h@eiﬁin?a&bﬁﬁ'@%l t&a}nwcgpis&mhbvg size
remains flagged as overlappin ne of the overlapping peaks is written
t%nggléﬂgf% romuﬁgg%grﬁgcgf&%ﬁé% %%éea”}i%’%é? &ﬁ%&%ﬂ%wo%m Wing
pEakels wmitichrtth¢lresoiherldtkihorwatdguasize G2AvamdndABehyaiacemsplit
rQuii ' h to nd 52 e
QUHRG: §§pé%%ﬂb%v@&’]ﬂ% @6\9 1§§E%%.F9élasé@%£%§,[‘f§g %Qﬁg% g{? selected

generatedin an ABI trace file format, rm e format,

o Bie ReHnratereiateriyl 23amd Sietlrsasdatspaiats prepedingpad ghntired Fig.
ZalhfHRRPRIGRIIALIDSSSrd AR MNIRRRIAGNERK CERIEled RS PRIdInAIRT «

6 in traces 48-1 and 48-2. Assuming_that these peaks satisfy the tests put -
1o frt frdetrpoini ansibe et acak ovchassoraonsisyuminge Jhermamber
Weifferrticdy iz 1BoTRIY SIS HERESMBIIPRSAa Jst ORRIREL ARG

54 Ex%nplar ,0u put,hom%%eno(ijs representations, output )

a?%&ﬁh I HE IS faeegqRteeomis 9d e Brakyindhin redop enot
pepehteditpotiffiematapiabobdlecResivgsdhatpeats. MMhéraea s dr Betks in
e %le(?nel% freoer%r less (216-No), then the peaks are not flagged as crowded.

It will be appreciated that different window sizes and maximum allowable

-

peak threshold in such window sizes can be used. In some embodiments, the window
size examined in step 216 is between 4 and 8 datapoinis, 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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trace 48-2. Correspondingly, output chromatogram 52B receives the peak
from trace 48-2 but not the peak from trace 48-1. Example 1. The
processing techniques in accordance with one embodiment of the present -
invention have now been disclosed. Referring to Fig. 4, a graphic
illustration of the techniques of the present invention is provided. In Fig. 4,
there is an input chromatogram 402 that includes a double peak at
fesitcir Bot{lbex A0S)caliomdanti prak Hasercdilin s piivkarertlas ilemtified
Er%'aﬁ!ouble peak as cytosine (C). However, applying the inventive

ethods of the present invention to input chromatogram 402 yields output
chromatograms 404 and 406 in which the double peak at position 229
has be.?tQpSPJ I§ QN &%M%Q&&PS@ _%1%%8{ f@&&ﬁfﬁlﬁ%{s made

chromatograms 404 and 406. Upon reading output chromatograms 404
S138tho 8VeHarRiBaverfodantiBabie dirlgst nsinace ebriendidientnasgiontol

BRAEHPRIRZAICHNRISIAIOR ReQitaRingd Gy QRIMURL APl ThANE Brder to
cytosine ‘%:‘hromatogram 406; Q. Typically, the input chromatogram 402
REYERHS i 8THENC ORE Dot 82k Pedaatadiprecdanainwrtlandae ie

whigh thesitaut peakinathghaehdtibabeshdh erbadbete O SyHHElais el
sample that includes the uences: 27 ACGTTTC and A TAC
e R SRR S i e fodb O
HO(GEC PEIKThAYC hearnBaect@ 43 creprizse pro@ irstmion ipkesgee &k stayc2GR/A)
{epgsents 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

represgpialions HlNG RIS BIIRUS AU B ALl diroflidGh TAC,
or (I) ACCTTTC and ACGTTAC. In other words, the systems and

hetarnsae e R resaessheriddis sasaothecnrpimao e pt e iimpnee”

pesieancafalieReRIQEYE ONBSRARIS VAT iathe @3RN QRS S8Red
bove, is sequence pair (1). Rather, the intent of the systems and
S B b P BPBLE S RRARh 16 10 EFRIFate O B/ A lovanee for

teprbgeiigiiers of hetetifygausmipiuiddatassothatpobiinesps) sesdbiie of
ct)%%yegt%ije‘?ageadtﬁgc%%gtdg%rg Whet gé%gelg ey tE?: te(():i Jgesr r'#gnmg?)gaks is
OMOZYgouS representations Can be I the Torm of, for examiple.

hiserozybonsdeiquitbe sroullvo prokyig eimsue brohatag een22(AYpsiftiee the
wb%g%wgéat%etﬁ?smm%@ngg&rﬁﬁf@é@&}ﬁ@é@;@ﬁ&%E M0 Qiatl as 0.2

homozygous chromatograms so that sop ase-calling

facsiguesdims oidbpigsan ésttppdteirations cmbadiplents, the minimum
IgeRtifigation hanRlic:SURcSRIPHIY aGiors BPISBAERAD, 1IFRRSES

can generate insight into their pathogenesis, and novel strategies for
dagsrrlasembadinsrisdhtsrniaupid enakisrin i A et Geneatleast

yafiants accounting for susceptibility to most of the common diseases in
the huq}atge%%&lllearﬁgp thrc]:atYN% %%r%p%?ng peaks is not clean and complete (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. 1f 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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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 validation 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., 28 the

inbehrdcksippricdecirifippi) eestgnifieaddylenesdig feaksanrdweipanseh of

[ ifvi e application described in Fig, §,.a region of
e B B B R
@ﬂ?ﬂé@@géﬁmiwhm beiitgfrilitéresteBtef: 6bRhatsteprB0 D égipnaki
@B@@@&3@1@@&%5&9&%%&%{9ggré'&ﬁsﬁé&r%@%gsé’é 0553 octow.
identified using standard genetic analysis. Exemplary traits of interests
are described below in the section entitled "exemplary traits." In one

approagip dassig Mepdaliananabiis ds waetteddantif speaific.genes
t e link gﬁ?tralts of interest. In a Mendelian approach, individual
g@ﬁ%{ﬁfpﬁgié aféﬂ}fffgmgy%?me&@a&ﬁﬁ@@ﬁ@&%ﬁﬁgl@r@ﬁwﬁé@@@
Usettdnchasdeaigriae make TRA GHUETIANS WheVEEANSPOMIAELFait under

udy) provides very little information on the underlying genotype, .
T B e S EEA S B RO R ptacy e

fepneld someantitaidimdndit focvariebpitrateakd ervstuaysfOudaitisativeles in
i d ire the truction of a,genetic map fqr a
B e B O S oo, e

é%#ﬁ@ﬁhﬁé‘fﬁﬁd’?h@ rerstive luistihens wearbwshttiéimclrohndiepsl danrder
%W%fﬂd%ﬁﬁ%%rﬁéé@ YIS vERalBh F%ﬁ-m%%&%%&%%e%l?'-
-39) 0 89,

Genet. 47:3 r interval methods (Lander and™ Botstein, 1

eakfees ot seisty duy rRaieanent feadharetlscanabeled saapidciude,
lbub:epiat peaitedro nsinale HEIARLAR RONWFIR PRSI LRHRN

fragment .Iengéh polgfranorphisms microsatellite markers, short tandem
FERSETRILOND {hEe FRFYTR %?ﬁrﬁ)‘?ﬁ s, and DNA methylation. Once a

genetic map has been constructed, loci that link to traits of interest can be

discovered using (i), lineay madels such as a t- test (e.q., Sokal and Rohlf,
1005, BBty TN W LA B s S A gt
resdicrssiion, i) iopuhcbriomatoiked %6 bas(segn BerketidsranvdAaplysipaks.
Ralive . drai | 98, Singuer Associates, Inc.
g B e A TR R TRl

aeprdnalaretichdhespreemandidpissiveriappina nyalcorhronstapsi2ié through
dineaRas e a5 RUNDR BLEigH. %@%gpg]%g&mﬁ IRl %&&E@%ﬁ?ﬁs

systemic lupus erythematosus, and typ type Il diabetes m

Porheeindibel dhe sendidato overlavping @wbs Barossled peake@daks @e too

yeadeCRysalive gemefsinniialiaens Rnamdmhai b gl Benetaiirements)
single %%%%%/I)ﬁe delian).disorders such as cystic fibrosis, Huntington's

{5 &n |GGG AERRS Heder Tdedasa i inkage
apalysisienst positippalgcieaksdriiinmiaripopidatinns 46 ResE=8r 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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successes have occurred in relatively rare disorders in which there is a
strong association between the genetic composition of a genome of a
species (genotype) and one or more physical characteristics exhibited by
the species (phenotype). To some extent, the same methods have been
used to identify genetic variants associated with susceptibility to common -
diseases in the general population. For a review, see Lander et al. (1994)

HHGNER Zhm 2037 phBRRASH O NRFI S B3S0R ARSIt SHSC SR MRILLY 0o
subsets of some common diseases such as breast cancer (BRCA-1 and

Sjeiort Teeicth (EAPURBNIRTPE CT2 PRl A3 RIS PAPINGA type

bdidhpias tMRMy bt e cdtiave: berf-idastifirg byithespmeleds: dfe of
?;er?%%n tances, multjple chromgsomal regiﬁgos that could pe linked tg a
|

TIORRIIGR HUHARGTh SEE 0 SRPRIOSATRIRALEG e
eftbethapalyreffinantun endsictioin divid uellybesinge ihaistihsegeess then
oGgessing steps llustrated in Fig,. 6. Eor methods on identifying.loci.that .
R e SR i
sHvationds élu(&%d)iSEien%eIQ_ﬁﬁzﬁmﬁsptﬂadeamt Boardad 2000
NRER, %HE%@&&:@@&&%%&'E%%%%& Je%%@s.Gﬁ{&@t'ﬁﬁr&%§6§<ﬁﬁé?@77_156§-88,

et at 1997, Heredity 69:236-242, Ji tat, 1997, Genetics 101:4
GrsarerupeIospstaisthrsgdiposiogrrs iR @Wat, 1998, and TIG

14:266n{ deflotnes ARHER LRk MARCEAPREIASERSIA &e@sb%awmg in

Complex Human Diseases, Wiley-Liss, Inc. Step 604. Once a loci tha
il RrcSEFtBESIFRitthder study has been identified, a cohort

population is assembled. Ideally, the cohort population includes members
that differentjally.exhihit the trajt under study. For example, if the_trait
undor ST0 8 oS SRR A RE B UEh AHA ISP AR R te
fiesh sl stsridrat fhawe 2 Bécasbtanaetr tha tefgmatesofhai ideertinhavadsiemgtin one
er. In.Cheng et at, 1999, Genome Res 9:936-949, a composi

AU S b BRI SR S B R CORRRE, 1 one
qaéaqdim W@Dmfbyw@eﬂnsimmﬂid@h(@iensihﬁpli@mpmﬁshaiy
AW RIARBE SR PHOESHRG £0- . NaYY A N Y Wak %&dwimﬁae%e

scores were used to subdivide the cohort into quintiles that represente
bt soktithed sredrondby BREThromalgsiam iy os coralisBeBol
the ephochrepiiation iscysnahimad: IRIGRIMiTHS (MaVPHES $eIHEREIRGhe

or regions of chromosomal DNA identified in step 602 in each

e region

SRR BB BESEHS AR ROt PR RFTRE oI L SR (A D TORPA RigCess
?squemeseb ; dmossmmezin(zjsmwd SadB NAKTGH) ﬁgnﬁﬂ';l Eﬂﬁp&ﬁﬁfz i§frﬁmlélﬂﬂl@£ian
rom bjood ,usi andard techniques such as the metho Bell et at,
O A T e P LR SRS TR 2 .
thaRaribiend i2NAnsothtiof 4iinp@ehtmSiystamsid nc haviianezpalis 7 5N).

ifi Al lified usi imers, specific.to t ion or regio
R S R LS Gl S B0,
sequenides seeutdl &estithptonesed thdoted) imaecapsisdideletians Table 2,

- m\fs[z)%tfn@ B9 eSIdS i ihe ORRRIBUAR of & RIEal 8LPMYSEAUERESS,

each
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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sequence representing the region of chromosomal DNA identified in step
602 from a different member of the cohort population. In situations where
multiple regions of chromosomal DNA were identified, step 606 results in
multiple sequences for each member of the cohort population, one
sequence for each of the regions identified in step 602. Each such
sequence is represented by a nucleic acid chromatogram 46 that is

gamiatbyReISe N per IR SRS TGS eIHRY TRt tha RIHAINGS:
hromatograms gengrated py sequencers in step 608 represents one of

{ ne"%%%o"gﬁ%ﬁ%ﬁ] 88??@%%’5%&8%@ RRESRBRSAI S SR T RS S When

conventional base-calling software is used to sequence such sequences,

particulgrly in the case where the source of pucleic acjd is heterozygous.
Using c':%e v%%qtio%g Sasscé}-%aﬁﬁﬁs SHA SR %Q%kae&ﬁt%‘fm?é? JEERPmeT
setitionsdotyrie 216 noesiibety [daalbying pécieputceenabighniwe, DaBes this
alenpr IS Eis, b ing, It is exposed to subjective
o e B e B el oncs
PisTsmpiBe iy ekl ep nenemtPaiop IRpla o stic0ly Bplittindpne so that all

aﬁgggaa%at%m@gmo%m&mgguéle%i?,@mﬁgm&z,%gz

using the techniques depicted in Fig. 2. Homozygous chromatogram
IR BT 16 SRR o AP et Al dnsionwarabivioes
o secpenseithemualaislacids ampiifieshand Mcsasds aﬁemgﬁ%f@pﬁlgﬁ; an

%ﬁ% 610. In.one embodiment of step 610, all or a portion of t e'datapoints

in o0 Eﬁt%@%fﬂ&? FAMS BOFUROsomay 280 e dnTgit o Gl rdeletions are

potymoepifosmzl (Bl Beyrlapsingieaks dehtidea ghethesphissas (&g kinyises

\f\é@ﬁ& Qgsrgu Eﬁeﬂiﬁeﬁ?”t glﬁeles 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,

conresnapdiag 19r3 Oy SR ASE) IIRERRPURGRUIBION NG bACE AL i
position 90 varies in the ten sequences corresponding S the ten

fbiersitetsaniepiomitmadd a5deinbaton lldefimetntss in$ipRt For
examRisgiia helpteavgausaucleicas @4@ 9995 i&ﬁ'ﬁg’%@f;ﬁg@e&%&ﬂol

members will yield one maternal-based sequence and on

PATETh AR BuERy g JEREE (I -Nedarasctn eomirdaustss sk oriispebarhere,
onsicallg)eie neeichisoRprasenipdiin PaskionfQ ihakyaaly S6aUsNCes,

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 stquafiteln thussenfderdhisymorentigielc atie ianmee s tdnsaaich
. nege for guanine and | codes, for adenosine

O B A o A ontR, Tt UHRER 85 the
Sevpibsppins cobsfopuelhimevardgdacdfetudrosioey oo pehies, Step 244

' r ne;l jor allele and adenosine js the
o B R SR Rl
fsaatkpdat AvelpepitbyraRersah SxpipiBs thiachasernbécheigtreteed In
abieashabanitrnReteRtaf he BN AsanRIsR thatb Jiaye BEgbout 3.2.

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 hagep 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 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
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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
irofiRy apiesaBiedd b Rbe Heth FRGabRERABK [RIRHIHRL"8RFaspat
%?gnotype of the trait under study. For example, in Campbell et al., 1999,
ol. Psychiatry 4:68-70, a cohort of 170 female Caucasian anorexia
nervosa sufferers and 150 normal female controls were genotyped. An

iat] i in_thi t ti led_that
oA B T8 AR ST BB oA S, VAP P8Pt e
iposiiéoartbatisi Saggedosal BAULafdid PUStalSHRRIL AP tPEAGh SBIHA THEBtiands,
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Haplo y@gs can be constructed using the marker information that is

lot
Teie it ?&eﬁéi@%%@é%%ﬁt%ﬁ%mé%%ém&ﬁﬁi%ﬁated in

incluBe racd Alefontalimisaltglihpsedisciizedinistephenseh gl 8004mmat.
enet. 68:978- 32 et al.

Am. J. Hum.. 9 Liu , 2001, Genome Res.
11:17 1&%‘%@“?\%%%%%%22%%% Q‘?Rﬁtﬂ?‘é‘%’gr% &8 30'9% aRppreithat there
adglitiorripise hemdrecatmiyisis packiage Hapseape SUpmpdrts Compkiational

IQt { ' ' tion- imati B i .
R R b e g
iheariplaby srditénta svdistiffssad suprahieogenbudinperscobtimpiegent

aneRlianRAE Ll BIgMIA s MEhods (A assRpiains g vith 2

trait exhibited bfl one or mare organisms'in a pldrality of organisms of a
ShEvRato@ s 82 sisglinseierbis) tha levrerorrslaidis, Ihdudhedowes ppogk
Jnhilisnasnecaied YK heivkahbyidepiingR marken wihin thakagne
that assqciates with a particular phenotype exhibited by a portion of a
BB ot T R S R RO BRI & LB AR SAVER SmP Rl frm e
ihgerast isod thoprplefdraizasyalz-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-tradivmraple StiBssplisesdersidehainpaly disedaas fuithendehbddiment of
I ' S s Addison's disease, alopecja areata
gﬁéiosing&%ﬁ%ﬁ%&%ﬁ%%& 18f?§§f§y§\ %ﬁ%% %ﬁg-ef}ga &%‘Bage,
¢Hustti eatifulee doeluvigres of Fohntesdiv dasataondisiveridind dolftig, 4lidivatds,

thramyaleianR90dRARIBYACIONG, Bl Bk RshUReRsT P,
Meniere's disease, multiple sclerosis, méast enia gravis, myositis,

permprgeral bagrarallipa selhy apihas e aferaasiRaVED,
FR6GRIGSIppRAlRT aderMan Y ASEIMILSIs 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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vitiligo, and Wegener's granulomatosis. Exemplary diseases further
include bone diseases such as achondroplasia, bone cancer,
fibrodysplasia 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 ca‘ggémgr?éﬁl cancer, pancreatic cancer,
prostate cancer, skin cancer, testicular cancer, and the like. Exemplary
diseases further include ge Qi?ids rders such as achondroplasia,
achromatopsia, acid malta‘é%? éé)ncy, adrenoleukodystrophy, Aicardi
syndrome, alpha-I antitrypsin deficiency, androgen insensitivity

dyspl taxia telangi
B M e G S R
fithersic {00 represendisolrst dtahboprakiredh [/ Albrpuysiplasiscossifibanse peak
RIQRE RERMBn SR SYHICK digélﬁ%%ﬁ%ﬂ?s&ﬁgﬁpee.rl IRERTE ces, the

hemochromatosis, hemophilia, Huntington's disease, Hurler syndrome,
phepsentdinrenine Ve ek afithe 'wipessible homozygous
g@;%ﬁ@iggmmm@g@gmwophy, long gt syndrome, Marfan
syndrome, Moebius syndrome, mucopolysaccharidosis (raps), nail patella
syndrome, nephrogenic, diabetes insipidus, neurofibromatosis,
Niemann-Pick disease, os{Bogetdsis mparfectzr paphyria, Prader- Willi
syndrome, progeria, proteus syndrome, retinoblastoma, Rett syndrome,
rubinstein-taybi syndrome, Sanfilippo syndrome, Shwachman syndrome,
sickle cell disease, Smith{pg€Kis EYatkmineCSlidider. syndrome,
Tay-Sachs, thrombocytopenia absent radius (tar) syndrome, Treacher
collins syndrome, trisomy, tuberous sclerosis, Turner's syndrome, urea

sy clbaisordarthy srsiappand inehoddiebtisarvwenirdeemimy asymdrdesigned to
Wiliaims svodiame.aahWisan sdiseassnRamplanlissases futhar

include angina pectoris, dysplasia, atherosclerosis/ arteriosclerosis,

EGTERIHAPRERS SRAEES BHE HartitRemibn intsfeatdiomysippereadsnsthods
lonacpisyeianas: o EAMANG RENlBRSey POSI WBIQENOSIAL G ARERYSATAs
syndrome, and t@g&{inb sis. Example 3. The methods of the present
605 T G RBRRAYEPRSGIA SR PR E st taran
Ruagnaiad fistig APhehetoty prif ospreSMRtdIscavery anbd0onatyRifg of
t@{eaxgulm r(lngene(yRMTéL Lc%s(Nr Blmaccessio numper NM 019%54;d
&ia sB’erg et ar 2002 Broc. Nat"RER S & PR EH B B35
esibediyeesnibeiNA e gyies frosndRiEny erpcarnke RRVAIh3nszygratein
ini - n.h n chromosome, 12, around
e e R e R
AFEEESeREIeRfenomic regions covered by HRMTIL3 are intronic regions, a

decisiop,yasmade a0 BP BiEH S SXONIG AR IR FHIONS wAm
total of 48 pairs of PCR primers were designed.

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 validation 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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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 amplicon is
about 650 bp. Therefore, about 48 x 32 x 2 x 650 = 1996.8 Kb were

sequetvedidfities e Sogdnecepnifcerahdlyzesthy tardumbex pétle of

' ventional computer.so e, such as Seguencher
e o RO S e
PASA de feuediifordissdibidierarina vdipter sheloences Gukdidytp alidjsease or
Fpplieansfrom same genomic region and graphically display potential

polymorphisms, it will still take approximately 0.5 to 1 hour for an
experienced technician to examine 64 heterozygous waveforms from one

primer PRy sadentifsiNDs, andsallscbaligie BiRimatani JEharalioug wull

%5;3 t least 16 hours for one experienced technician to examine all these
S0 QBN EE I B OH PRI 1 Sn SHEAE SRRy RS capRIary
mﬁﬁ'tlheﬁ%lfﬂ'élae presentifedadlion inge %H@ﬁ@ie%'tftéé@ %eﬁ@mgkse&ﬁ@b@:@m
enclosed in the Computer Program Listing Appgendix detailed in Table 1, it
SRS PRIath SToave MR b R o BB o Sy ot
Wwaketeorhsitoprl 986:8tKin eNdenimdnoanpcading divialinl phackings dpliting
mozvagous waveforms, performing SN

B X PR o
GiseBinsreutiereibeatianpiies (udleiedacusey penddss veketidtiigormation on
Epbeeingn IH@JQ&?W&%%&EB%&B%%@&S%99&)5?%@&(91&&“6

present invention are presented for purposes of illustration and

JEERFRRD o chHarad Astmnidiatue taiblocansi il wide Ry ihQuavdation

teeHeaRragirafagdlise arasbnMankomeificalinnsapdoyarigions e
possible in view of the aboye teachings. For _example, reference was =
ST 5 EFPRISUPERRORR G SRS %k LIRS SO PRERoROre 3 B rlative

f@m&a@b@&mﬁ_smmme_mgu%mnﬁ; @f{gﬁm&jgﬁﬂﬁgymfe&igi%ﬁy%
the present n t [imjted t n n
Ry e AP e S0 LR e b s

ses. In"fact, ahy base
Roistatin 8@ etistes, 124l 85el G8p dNfetherpiasent nvestidn sehangpas

g if iadly: led wi [ f] hares or other.labglin
R e

deseibdymanpbioeyIBBaos B Muktisk TS) tanieng 8ipzatR Bequence length

S RN IR RRARNAGHIeRIS!
Nordisk A/S), United Statesr}g’atent 6,4%?29,1 ﬁgﬁﬁ%&gﬁ%ﬁ%ﬁ%ﬁmmd’

Sstdeinkrr B30 bobte pras disrersard wirne(Btineanedelysrok ekait-
JB62Q532A31 RoRGhET B95] 37meBoieraed23R: 386 Almakagd E88 I Nucl.
m&es. 9%21‘2 :6139-51, Sung, 1982, J. Org. Chem, 47:3623-28, _

S RUERIBIC NG RES IR | eéhonh s or st raged Arrsis of
BloahennivESHE) | DfhdhurciRalsik 298, Applicatieecdfiad/ hearshiRledand,
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 I 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 positional cloning in human populations. These
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Application No. PCT/US84/00279. 35 References cited and conclusion 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
principte hofethecimeadntionlahaliys peatiticaleapplivaitbrthéoctizer slpyngnable
'S, SKi in t rt to. ilize the.invention and various

Rt e O AL SIS & LR B o one

D8R Adneshpieiisd. dhismressdesceditod b ¢bpepedith énimrottis). Lo some
cefinedbythe fiRydng.clains, %Qéh@a%ﬁe%ﬂk%\'g%@ﬁé ViR k.4 il

Rights Reserved * Roche Palo Alto * * * Author: Guochun Liao, Alok
Buswpubiligieconmynditrigt it digischsamnaugiozscherigseview, see Lander
é’%#.#(’%#i’skégéﬁéég@%ﬁf@?%ﬁ&&h&m I%Eé’&%fafé‘%*&ﬂﬁ%ﬁk’é’%%ﬁﬁfy/{?
trgce status, O - 10 are reserved for status, >10 indicates peak space * i
TR T e RS TR RS P : FiePk P s
peie@Biltend HAKGS), TRACINSG FATISRENK atdiatdndexbaad anboer

h * if identifi inning of k, record peak * if
i SR B b P e
TRACESTNTHSOME RIAFPEREI i oreilappedpdplespliteit o arkias
: . TTED int TRAC TATUS
ﬁ%&§%¥ W ONERK AR Eiﬁé}%%%gl cg%ﬁl%:{ra]x?tﬁ}lfnor mdﬁrm%iﬂ Adsing

NG =0:; cons; Int TRACE STA_ ' P “const Int
the Auhgss i PReRFIRERES H Pstaad i IERACE STATUS OVERLAP

PEAK BRIaEhEdS onIaGansiipidtRhb Brot ALY S Y RHBriRAS Csde Risch

used to mark the start and end of valid feak range */ cons' int
FRAG RatretPoidd Crtolppsiope Ak A994)Ssiensed hafd il Naderpaat +/
BeitieNLIRATHuR IehbtRs PREIRO 1OVERAP BEAI R R T4560 197,

LA, BERED BE356 198 Tl B E oo SRl 10T S Bleon e
al., 1999, Statist. Med. 18:2961-81, Schork et af., 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 ef 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 int IGNORE DATA INDEX = 50; /* number of points checked at
either side of a peak to determine if its a peak */ /* should between 4-5
const int PEAK DETERMINE CHECK WINDOW LEVEL_ONE =4; [*
should around half of level one */ coast int PEAK DETERMINE CHECK
WINDOW LEVEL TWO = 2; /* ignore number of peaks after ignored
first/last data points */ /* minimum number is 1 */ const int IGNORE
SEARTCRE AisdNhsahioss/ Digaoken uather gtpbaksdupmienteangbiat
IGNORE-END-PEAK-NOM = 10: /* minj eak v quirement
LS P RTINREAR A 218 P A e Ciah Bl Vel aead
réquiT8 MErR-63arstsing M BX A EAKIST ARTE. ¥ Ak Bure dhie/HNAiviatiopEak
OGRS A FEAEREntls G5! BLMAKSECK ENDAALHE Fa%E
maximurh allowed peak space, never over coast Int
MPERLIEEA s pRiaEoErsgions pdinififischinlitp sl pekesiifedoegoniarvIN
RieneRAGEes 105 R AR IAE 8sGry 68%@%@&?%‘8}5\6%& QUElIRPPIG RREs,
gap, should never bigger than 4 const int MAX OVERLAP PEAK GAP =
D0 YE AR P @B 1B at IapsHY Pedieraliriity S AN Acwansnqes, each DNA

QV@&%PeﬁEs%{ﬁiBftﬁkfe@i@r{?ﬁc&aﬂ?Mm l@ﬂ!}%’ﬁ@rxg‘f}ﬁﬂaﬂ t' a?ﬁ%m a
ratio when smaller peak js a clean and _complete peak*/ const float
%?%?ﬁ?;\?ﬁ BT S e BRI IrpS iR SRR IOM R P B RSy Sbr
eclohredenpd DNo mparddrdiedsra a0paskubsdiileishiidegnenes avefabh2
*/ coast fl M PEAK.ERROR = 0.1; /* maximum re-size overlapped.
B R 2 Sediee R e B e S e
_FE R ESHE BuR AT Bne@is/tefiatspatatt byilk bedgivored clifferengem 46 that

bgtween neal ﬁ{édséﬁrﬁ gext next data point * should great than this
FLE‘%PEAK- IGNA LSRE' const float FLAT _PEAK-SIGNATURE =0.9;

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
seqﬁences, 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.

Siep 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 inten
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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/* if within window size of 2*MAX_OVERLAP_PEAK_GAP+|, there are
more than CROWD-PEAK-THRESHOLD 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;

/% i 5/ in* . MAXGALLOWED PEAK WIDTH =
e, TSk S R Bl
[s98Rigrstsh dbs tenisabermpaberasd trisld MInRESNIQIDASHd Betingaes and one

BACHEBLAINR REAKEAGIRR: cans) logh &AL Kp RAY MR BEMcleic

FACTOR = 2.0, GLOBAL VARIABLES */ int cmm peak_space; /* common
ﬁéﬁé%f?ﬁéﬁﬁa}tsé 318B8IF9R PRSI BRAUGHRSSHAC Pesikiamiternsilerse
hatkgroNird peslacosbad M, i Raak Lepitvis used: the minor allele
/****************:k********* TRU URE ***********************-*****/ SIrUCt
BH3LLS PSP MGt PR AL R CRAF A, TUeo e A e
tegisiirn bersit Disthinhi d8es fields wiftethessamiefbamendiors exampddss for

1 DATAL? */ t data type; /* Denotes the type of
e A o b A S o e RS
Fageeloskipngc 0P guanineraadd rode Structerestheshoutddbe mrentGirel S NRe
b i e o S S I S T
recordLength; /* The length of the whole record. int dataOffset; /* The

e & B SYATI RN et fre iRoat Aegsb abeirt BFernstrebed thaiEs the

reEapits g thale/bdsd 88§utiaBIAat ADIER GASR HerNialPtENSNA aGthifls tat
ata. */ int unknowp; /* Usually 0, but seems to change with the editing of
L RS el ot f e pesoat o e [RIG emles that have

DEdnl MGUES, \W@ichitt tiaeehdintieshiopklc et the SOt Sarshestiaghod *

,%hort short *, short * , short *, short *, short *, short *)
¢enl 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 ef 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 D11S911 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. 2007, Am. J. Hum. Genet. 68:978-89, Liu
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void write_files(FILE * int *, short *, int *,short * , short *, short short *);
void scan trace (in', int, short *, int *); int get cmn_peak_spacing (int *, int
*. int*, int int *); void build can peak profile (int *, short *, short short short
int *, int*, int int float *, int); void calculate_avg background_peak (int *,
int *, int *, int *, int short *, short *, short *, short *); void split_trace(int * int
*,int *, int int *, float * int, short short *, short *, short *, short *, short short
shelt, 200nideRarkReh et 718t {124NA BeRksRIZRASh08h " Ndlle Genet. 30:97-
\6 rl ak (int*, int *, int * int int short_ short short , short * int); void
ﬁeaeissigﬁgpglélﬁrédhﬁéag‘f%w%ywﬁ%ﬁﬂ3?&?%%%&;S‘ezmarts computational
harotysdicorpeattisangdim ExpRbitiod-ntatihititt §):Bayesian statistica/l
/* X******* kkkkkkkkkkkkkkk IN F N T ON kkkkkkkkkkkkkkkkkhkkkkkkkkkk
r%i(&?rﬂ?ﬁ’i“a%i‘c“f“ S T ‘}t{%ﬁ; B -GUdABY: FILE *out2ABI:

FILE *outXL; struct abidata abidataline; char *filename, *token,*file start,

*file eng, * AENER, % s ntkey,il I

totalli ne%sx,%#i?gj Elglzlé‘l' I%S %%@E%%%S,d&%ﬁ%ﬁs%?@@ﬁ?éé&tpogg;he&{ gsfeg%r[S];
dRurRtign dlusteatad dp Figr fqugyidea seethpds floinsdovata g den Wit/ a stagt
"Hacated HIaRR%R MRS BohisHRTE 431 drRQdif LpliacelDy.
*trace2b, *,f[ﬁa‘{}cf:%e3br,n*traceéftwsl;s%"El mod%ied set B?%%’%éti@tfsgﬁgg 8

SRR Ak 1RO LisiineTorhelonugden peinend itdeasspeiajed with the
arit PelenEPACE 2 GRIBIOR PRI SPRSIB hiloRL5 GHIE: %ﬂ%@{&ﬁt%lz{r store

*

i, o .
ISP R BANERCOAR SEoTErLBAHE: SR CEIGEcD, prib
P8ABEnsplivachditemarfiaitirest 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, ﬁbrodysplasia 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, canavan disease,
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exit(0); } STB LENGTH = strlen( argv[1)); STR_;.ENGTH =
STR_LENGTH + 5; printf(" filename length is : %d",STR LENGTH);
filename = (char *)malloc( STRLENGTH * sizeof(char)); strcpy(filename,
argv[1]); 39 Splitrace.c if ((inABI = fopen(filename, "rb")) NULL) {
printf("err: could not open Abi file: %s \n.\n",filename); exit (0) }
if(!feof(inABI)) { fread(&str, sizeof(char), 4, inABI); str[47 ="\O'; printf("str
i@f%ﬁfﬁh&t@ynﬂifﬁﬁh’%ﬁﬁﬁstﬁﬁfﬁ%lfﬁém%{ p&%’ﬁ@éﬁﬁ@ %%ﬁ?ﬁ}%ﬁ Abi
file. \ ilename) ; exit(0); taken ar *)malloc *
s%l‘;eo? ¢ zaas)mf‘:lSSI =1 féﬁ%l ;%Qaﬁ&%’g EReTIalaLEgERper
filisenad, he(nbet&éhmaihm;dﬁﬂi&_&ﬁﬂﬁﬁﬂxﬁgmﬁeb@r»{uﬁ& Evhdedgbar
*)mal T S|zeo har h r
SRR A SRR L S b B o
ﬁ@é@ﬁ@wﬁa@p}wimﬂé’n@k@%h@wfg}"m@wy(\ﬂtmbk&rsﬁmxm): printf("
Kﬁﬂalﬁ <203\ Rl RkE GA stplfﬁﬁ patil Epéé(ws ol iﬁ'gé%}{éﬂ st?éﬁgéus

printf(" Token is %s\n", token prlntf(" tarnt 15705
s@ﬁWOﬁibr@ﬁa*PS%x%ﬂmm@% disease); @Eﬂ@am@np@&ytasm@ﬂemmmr-
fiteilarRehdrif (ordotetal pRotelSsynlrbnld; 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, dysplasia, atherosclerosis/ |
arteriosclerosis, congenital heart disease, endocarditis, high cholesterol, 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 er al., 2002, Proc. Natl. Acad. Sci. U.S.A. 99:16899-903)
using genomic DNA samples from 32 Europeans. HRMT1L3 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 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
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strepy(FILE2, file_start); strcat(FILE2," b."); strcat(FILEZ2, fileend); printf( "
FILEZ2 is : %s",FILE2); if ((outlABI = fopen(FILE1, "wb")) == NULL) {
printf("ERR could not open Abi file %s .\n\n",FILEI); exit(0); } if ((out2ABI
= fopen(FILE2, "wb")) == NULL) { printf("ERR : could not open Abi file %s
An\n",FILE2); exit(0);} strcpy(XLFILE, file start); street (XL FILE, ".xIs");
if ((outXL = fopen(XLFILE, "w")) _= NULL) { printf("err: could not open
eseetiiensl\poippui (0fvarts seklin\Big BnSiEE [CBETC40eS flitraceation, Ann

whils)'ea WI»&MM&@%Q'M&J 19%,('@7“1&9&{150%@&634:%%%9
fputc(keyl OUt2ABI); }} /* read and display file
ASSBRTHSABHEY SN SEptRSHEaR ST euEsen sircerhgbisatly display

AR DB SRS W'l S SEirsadEnUM,
sizeof(lon m)Sfﬁi&tli?]ABl %ﬁf(ﬁgi{%ﬁ riﬁ%) iggéf(m&él%glg%

%W% Féﬁaﬁ&?‘%ﬁ@&%ﬁ@ VEVRHREIS SARRSHPrgner pair,
%kﬁ%ﬁﬁﬂ@ﬁﬁ@&ﬂlec‘c allele information. Therefore, it will take at least 16 hours

for one experienced technician to examine all these 3072 sequences, or 1996.8 Kb of
sequences. Using the systems and methods of the present invention, as embodied in
the computer program enclosed in the Computer Program Listing Appendix detailed
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 SNPs 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 possibie 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 al., United States Patent 6,005,096 to
Matteucci ef al., Inoue er al., 1987, Jpn Kokai JP 62059293, Prober ef al., 1987,
Science 238:336-41, Sung, 1981, Nucl. Acids Res. 9(22):6139-51, Sung, 1982, I. 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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fseek(inABI, startoffset, SEEKSET); for(i=0; i< num, i++ { printf("%d i);
fread (&abidataline, sizeof( struct abidata), 1,inABI); printf("name is %s
",abidataline. name) printf("%d ",abidataline.tagNumber) ; printf("%hd

" abidataline.data type); printf("%hd ",abidataline.elementSize);
printf("%d ", abidataline. numElements) ; printf("%d ",
abidataline.recordLength); printf("%d\n ",abidataline.dataoffset);
currentpos = ftell(inABI); if (strcmp (abidat aline. name, "DATA") _=0)

if(abidata_ine. tagNumtigef—r; 92}5{ py@ﬂ%{fﬂ%{ﬂg g fO) =

abidataline.numElements; element ataline. elementSize;

data_@HFSET[Fs lsibhusineraiaceapitseiediaen-bshbenpe in their
(@higgtall REIEMEMshe SiZef@NoMIL {36 hirhidataline.

dataOff set, SE ET); fread(tracel, abidat aline. elementSize ,

aﬁr&éﬁam?éeﬁtﬁﬁéréﬁ%@ﬁtgaﬁmmﬁf}ai Haprhindiviieigrndissed L590) { nun

ﬁb&%@&ﬁ%ﬂ}a@&i@@mh@%ﬂumﬁ@m@&p@@mem SIZE fl) =
abidati%% eementS|ze dataOFFSET[1) = ahidat %Ene dataOffset; trace2

= (sho LS SRR PR ArSHED s BTRE R ST FReR(RASI,
ahidiiRing datadiset SR Hich)yatdpblititaec 1o ﬁma@(&mﬂa ptifeidat

e al a dat aline. numEIe ents i
G I o R SRR e e L e bnens with various
madifitetivaniss aBismadttStHEﬁ&]timdwi datalimdeniplatedit $izeintended that the

scope of the invention be defined by the following claims and their equivalents.
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data OFFSET][2] = abidataline.dataOffset; trace3 = (short *) malloc(abidat
aline. numElements * sizeof (short)); fseek(inABI, abidataline.dataOff set,
SEEK_SET); fread(trace3, abidata line.elementSize ,
abidataline.numElements inABI); } if(abidataline.tagNunber == 12) { num
ELEMENTS[3J = abidat aline. numElements; element SIZE[3] =
abidataline. elementSize; data OFFSET[33 = abidataline.dataOffset;
trace4 = (short *) mailoc(abidataline.numElements * sizeof(short));
fseek(inABI, abidataline. dataOff set, S SET): fread(trace4,
abidataline.elementSize , abidataline.numElements inABI); } fseek(inABI,
currentpos, SEEK SET), }}, /7 call function to fill the other 2 Arrays. */
tracelg = {short *)mallee( numELEMENTS)O] % sizeof(short)); tracela =
(shortsymattoe( mum_ELEMENTS111 * sizeofshort)); trace3a = (short *)
malloc( nun ELEMENTS[2] * sizeof(short)); traceda = (short *) malloc(
nuns]a élﬁ EbiLﬁS L]n*lelE[é'of?é?\)(%)rjta)h)k;getraceIb = (short *) malloc( nun
ELEMENTS[O} **sizeof(short)); tracelb =+(short *) malloc(
nuMELEMENTS[1] * sizeof(short)); trace3b = (short *) malloc(
numEL:EMENISR28-* sizeof(short)); tracedb = (short *) malloc( nun
ELEMENT S[Bj=t sizeof(short)); fill_traces(num ELEMENTS, tracel,

trage2.trace. 3.race A.ftace.la, tace 2a.ttace 3a.tace4atrace ln.t..
race2b;dracelbgsiracedy; i MGB&@WW/Q&MS?QUQQQH&&aQeaﬁq space
split tﬁépce;ﬁapﬁéehih@?éﬁ i@%tets*s;fs‘eeﬁ RECECAPPIRECEST idEnt ocor\%ﬁlege
£f identifi . , r T noST khat ind
angngr%g@ypgﬁgigt@@giﬁﬁlfd’ toniton Péar profiie using pears Wit et e
comman:peak spacing-istend; identifisoverdapping paaks-tstep 4: split
oveﬂdcﬁpl‘xﬁig;ﬁééﬁr@@ S@ﬁt:rla'@eg@ak, mark related 2 status at the position as
TRACE STRATUS OVERLEP PEAK
* if overlapped peak splitted, mark as TRACE_STATUS OVERLAP PERK SPLITTED
*/
const int TRACE STATUS_NOTHING = 0O;
const int TRACE_STATUS PEAK = 1;
const int TRACE_STATUS_OVERLAP PERK = Z;
const int TRACE STATUS OVERLAP PEAK SPLITTED = 3;
const int TRACE STATUS VALID PERK = 4; /* used to mark the start and end of
valid peak range */
const int TRACE_STATUS_CROWD_PEAK = 5; /* used t{o mark the crowd peak */
const int TRACE_STATUS PSEUDO OVERLAP PEAK = 6; /* 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 either side of a peak to determine if it's a
peak */

/* should between 4~5 */

const int PEAK DETERMINE CHECK WINDOW LEVEL ONE = 4;

/* should around half of level cone */

const int PEAK_DETERMINE CHECK WINDOW LEVEL TWO = 2;

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

const int IGNORE START PEAK NUM = 10;

/* ignore number of peaks from end */

const int IGNORE END PEAK NUM = 10;

/* minimum peak value reguirement */

const int MIN PEAK VALUE = 150;

/* maximum peak start point value reguirement */
const int MAX PEAK START VALUE = 15;

/* maximum peak end point value reguirement */
const int MAX PEAK END VALUE = 50;

/* maximum allowed peak space, never over 50 */
const int MAX PEAK SPACE = 50;

/* minimum allowed peak space */

const int MIN PEAK SPACE = 10;
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* [* step 1 /* value indidates 3 status: 0 nothing; 1 peak location; other

number indicates peak spacing, * the index is the start of peak. value

stored in status arrays. tlstatus = (int *) malloc( numELEMENTS[0] *
sizeof(i.nt) t2status = (int *) malloc( num ELEMENTSJ 1] * sizeof(int)

t3status = (int *) malloc( numELEMENTS][2] * sizeof(int) t4status = (int *)
malloc( numELEMENTS[3] * sizeof(int) scan-trace (num ELEMENTS[O],
IGNORE-DATA-INDEX, tracel, tistatus); scan-trace (num ELEMENTS[1],
IGNORE DATA INDEX, trace2, t2statug);.s¢an-"race (num

ELEMENTS[2], IGNORE _DATAINDEX, trace3, t3status); scan trace

(num ELEMENTS[3], IGNORE -DATA _INDEX, trace4, t4status);
determinehackgrowad-peatevalle L.segcalculate avgbackground. paak,

if ( @;aféﬁégr-‘j@ﬂr RRI@@EWEP:KERHH Baclgg(ougd_peak_count > total peak
count D10 aVgl FabKer e heak” valu bdckground peak count; *}

else ~*avg-hackgrouadwpealopvaluess ave: hackeround  peak-value/ c1can and
e S SR L ek ihe siar ap end of valid peak

range 55/}{1'&9{9%@%@@9@&5“5 I%@&Q@%éi&rgéﬁ%ed to common peak profile,
markovatichepealovkange (Aum_ELEMENTS, tistatus, t2status, t3status,
tstattis); /?%QW$P§6M§¥QN§ Arraiys to determine the common peak

spacing: 1o DUl HomoRasalroffs * UsiBe, by Peaks it comrish * *
peak*sp&airrgmn}pe&k_is@a@@}@aﬁ_émngpeakgspa;@iﬂg and the next next data
(AT ELEMENTS. fstatys, 12stajus,, I3sfatus, tdstatus); printf ("common
peak-gpace is%d\n", cmn_peak_space) emn_peak_profile = (float *)

malfoeé erfrepedRk - Tspae 21 siz@ukfioat)):; build_cmn_peak_profile (num
ELENMENTS HAcEl Tact tricé 3 faC bR ASERES, Dtatus; 13statagors then

tistatus;<Gmn_peaksqrofiles comnipeak space). /2 stepd Lk calewlatesx
backgfound peak

const int CROWD PEAK THRESHOLD = 3;

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

/* widnow bigger, max pesrcent smaller */

const int TRACE_SHIFT CHECK PEAK WINDOW = 50;

const flcoat TRACE_SHIFT MAX PERCENT = 0.25;

/* max peak width allowed */

const int MAX ALLOWED PEAK WIDTH = 30;

/* average background peak factor, a peak will be treated as background 1f

* its peak value less than MIN_PEAR VALUE times BACKGROUND PERK FACTCOR */
const float BACKGROUND PEAK FACTOR = 2.0; -

/* GLOBAL VARIZBLES */

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

int background peak count = 0;

int total_peak count = 0;

/*************%***-k*****-k*-k STRUCTURE *********-}c*‘k****************/
struct abidata

{

char namef4}; /* Four ASCII character name, like "DATA" */
int tagNumber; /* Distinguishes fields with the same name for example:
DATALl, DATAZ, ... , DATALZ =/

short data_type; /* Denotes the type of datas 4 = integer */
/* 7 = float, 10 = mm/dd/yy 11 = hh/mm/ss */

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

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

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

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

int dataCffset; /* The offset from the beginning of the file 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 to change with the editing */
/* of the file. */

b
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calculate avg background peak (num ELEMENTS, tlstatus, t2status,
t3status, t4status, tracel a,trace2 a,trace3a,trace4 a) /* step 3 and 4 */ 43
Splitrace.c /* identify overlapping peaks and split them split trace (num
ELEMENTS, tistatus, t2status, t3status, t4status, cmn_peak_profile,
cmn_peak space, tracela,trace2a, trace Is, trace4 a, trace Ib, trace2b,
trace 3b,trace4b); write files(outlABI,num ELEMENTS, element SIZE,
data-OFFSET, tracela,trace2a, trace8glitteaga4a) ; write files(out2ABl,
num ELEMENTS, element SIZE,data OFFSET, _tracelb, trace2b,
tracesb,trace4b)-totallines mnumok LEMENTS{4]; for( j=0; j < totallines
;j+“"f+:)f fp‘r‘jffltf(fdﬁle*_*"f“{bUﬁ %’H\E“Zo’d\t %td\g \t %d\t %od\t Yod\t %:d\gl", “tracel,
“tracel, traces, iraced, stafls, sf2Status, E3statug, HAStatus) tacer ¥
tracebt+; i traceBisk Fitraced ik tistatusst+,; t2statustt; t3statust+:, shorc * ,
tastatiis v J fclose(outxL); felose(putlABI); fclose(out2ABI);

a 1 int, short

VoL

fcloseRABI; J-free Al memoryUsel ¥ fredfracel); free(tiace?);

freeftiaee3);_drea(traced)s free(tracelayrdree(irace2a); . freeftracelajre *, in:
free(trAceda)” free (tFacéib); o2 * intl

volid calculate_avg background peak (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};

vold reassign profiled peak (short *, short *, in%t, float *, int):

vold mark valid peak range (int *, int ¥, int *, int *, int *);

/*************************** MAIN FUNCTEON ************'}r**************/
main{int argc, char * argv[]}
{

FILE *inABI;

FILE *outlABI:

FILE *out2ARI;

FILE *outXl;

struct abldata abidataline;

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

long num, startoffset, currentpos;

char str{S5];

short *tracel, *trace2, *trace3, *traced; /* original trace read in */

short “*tracela, *tracela, *tracela, *traceda; /* modified set R */

short *tracelb, *trace2b, *trace3b, *tracedb; /* modified set B */

int *tlstatus, *t2status, *t3status, *tdstatus; /* status for each data
point of trace */

/* int cmn_peak_space; common peak spacing */
float * omn_peak profile; /* store common peak profile */

short element SIZE[4];
int num ELEMENTS[4];
int data O¥FSET[4];

printf{ "ARGC I5 %d\n", argc):

1f({ argec = 2){
printf (™ USAGE : splitrace filename"};
exit (0);

}

STR_LENGTH strien{ argvll});

STR_LENGTH STR_LENGTH + §;

printf (" filename length is : %d",STR_LENGTH);

filename = (char *jmalloc{ STR_LENGTH * sizeof(chax});
strepy(filename, argvi{l]):;

A
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free(tracelb); free(trace3b); free(trace4b); printf ("averge background
peak value is %d, over %d background peak, with %d total peaks\n",
avgbackground_peak_value, background_peak count,
total_peak_count); } /* calculate average background peak */ void
calculate_avg_background_peak (int *num,int *si, int *s2, int *s3, int *s4,
short *t!, short *t2, short *t3, short *t4 { int num_elements[4], i, j, k, m,
min_element_num; short * pt[4], *ptr ﬁtr iR; d int * ps[4), *pstatus, *sp; /*
initialize */ pt[0] = tI; 44 Splltrace c pt = t2 pt[2] = t3; pt 13] =t4; ps[O]
= sl J.ipﬁ[(l]nAB§2 &LZ]( Fllena e S4 for(l=0;i<4; I++) {

num_Slements (.= “Dity; UM e o élément numbey, min
elemerwmmm-, 99999999; for (| 0;i1<4;i++) {if (num_elements][i] <

plement num { min_element_num = num_elementsJi]; }} scan

status to calculate background peak */ avg_background_peak value = 0;
1 (' feof{inadRBI))
{
fread{&str, sizeof{char}, 4, IinARI):;
strid4] = '\Q';
printf{"str is %s\n",str);

}

if {stromp (str, "ABIF"Y != 03
Printf{"ERR : %s is not an Abi file. \n\n",filename):
exit(0);
}
token = (char *lmalloc/ STR_LENGTH * sizeof{char));
file_start = (char *)malloc( STR LENGTH * sizeof(char));
file end = {char *Imalloc! STR_ﬂENGTH * sizeof (char});
FILE]L = (char *)malloc( STR_LENGTH * sizeof(char));
FILEZ = {char *)malloc({ STR_LENGTH * sizeof{char}):
XLEFILE = {char *)malloc! STR_LENGTH * sizeof{char));
token = strick{filename,".");

strepy{file_start, token);

printf (" Token is : %s\n", token);

token = strtok(NULL,".");

strepy{file_end, token);

printf (" Token is : %s\n", token):

printf(" Filssstart is %5 Fileend is %s", file start, file end);

strepy (FTLEL, file start);
strcat{FILEl,"_a."T;

strcat (FILEL, file end);

printf{ " FILEl is : %s",FILELl);
stropy (FILEZ2, file start);
strecat (FILE2," b."};

streat (FILEZ, file_end);

printf{ " FILEZ is : %s",FILE2);

if ((ocuflABI = fopen (FILEL, "wb"}} == NULL) {
printf{"ERR : could not open Abi file %s .\n\n",FILELl);
exit {0);

}

if {{outZABI = fopen(FILE2, "wb™")) == NULL) {
printf ("ERR : could not open Abi file %s .\n\n",FILEZ2}:
exit {0);

}
strepy (XLFILE, file start);
streat (XLEILE, ".x1ls™);

it ((outXL = fopen(XLFILE, "w")} == NULL) {
printf("err: could not open excel file\n.\n"):
exit (0);

}
fseek (inABI, 0, SEEK SET );
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background_peak_count = 0; for (i = IGNORE_DATA_INDEX; i <
min_element_num - IGNORE-DATA-INDEX; i++) {for (j=0;)<3;j++ {
intisbg = 0; ptrace = pt[j] +i; pstatus = p5[j] + i; /* examined position
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; k ++) {if (k
=j) { continue; } for (m = 0; in <= MAX-OVERLAP-PEAK-GAP * 2; m++)
{sp ps[k] + i - MAX OVERLAP PEARERIS-¢ to = pt[k] + i - MAX
OVERLAP PEAK GAP + m; if ( *sp == TRACE-STATUS-PEAK && (*tp *
MIN "OVER{SAP {PEAK ¢ RATIO) *ntrace { neighbor is peak and bigger, so
this |s%§vp]kgg@amiﬁlar\llpggdckground peak value +_*ptrace; background
peak COLfmtiHeK}:ml-,-OMANBI(DVERLAP_PEAK_GAP *2+1; /*outloop k=
4; break;_} [* nd of m Ioo */ }/*end of k loop } /* end of j loop /* end of i
loop */;45 Spﬁ ace ¢ | ackground peak count > 0O if (
background-Peak-count <= 10 { avg_background_peakval.ue 10; } else

{ /* read and display file */
fseek(inABI,O,SEEKwSET Vi
1f{tfeof {inABI})
{
fread(&str, sizeof{char), 4, inABI):
printf{"str is %s\n",str};
}

fseek(inABE,lS,SEEKﬂSET);

fread{&num, sizecf{long), 1, inABI):
printf{"int is %d\n", num};
fseek(inABI,ZG,SEEK_SET);

fread(sstartoffset, sizeof{long), 1, inABI);
printf("int is %ld\n",startoffset);
fseek(in2BI, startoffset, SEEK _SET);

for{ i = 0; 1 < num; i++ )

{

printf{"sd ", iy;

fread{sabidataline, sizeof{ struct abidatal, 1, inARIL);
printf("name is %s ", abidataline.name);

printf("id ",abidataline.tagNumber);

{
printf ("$hd ",abidataline.data type);
printf{"%hd = ",abidataline.elementSize);
printf{"sd ",abidataline.numElements) ;
printf{"%d ",abidataline.recordlengih);
printf ("%d\n ",abidataline.dataOffset):

currentpeos = ftell (inABI};

if (stromp (abidataline.name, "DATA™} == 0){
f{abidataline.tagiumber == %)
{
num ELEMENTS [0]
element SIZE[0]
data QOFFSET [0}

abidataline.numFlements;
apidataline.elementSize;
abidataline.dataOffset;

BN

tracel = (short *) malloc(apidataline.numElements * sizeof (short));

feseek {inABI, abidataiine.dataoffset,SEEKHSET);
frsadi{tracel, abidataline.elementSize rabldataline.numElemants ,
inABIY; :
}

if(abidataline.tagNumber == 10)

{

. num ELEMENTS [1]
o element SIZE[1]
data_OFFSET[1}

abidataline.numElements:
abidataline.elementSize;
abidataline.dataOffset;

ond

traceZ = (short *) malicc{abidataline.numBlements * sizeof {short));

fseak (iniPRI, abidataline-dataOffset,SEEKﬂSET);
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avg background peak value background_peakcount; avg background

peak value / (total-peak-count * 0.1);*/ } } identify overlap peak, and split if
qualify */ 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 *bl,
short *b2, short *b3, short *b4 { int nun elements[4], i, j, minelement_num,
ab-switch, valid peak region, void_overlap_peak, last_ovlp_peak; short
*otal, *pta2, *pta3, *ptad, *ptbl, *ptb2 .gythde*ptb4; int *psl, *ps2, *ps3,

*ps4; int all peak count; /* initialize */ for (i=0;i< 4 ;i++) {
numelementﬁ[gaﬁ (*QQEQE ’ n&ﬁ?é’aﬁ;agﬁéné@ém&ms%;emg{' a@gmrpee.gynk“}malnﬁ]ents '
element num = 99999999; for (i=0; i< 4 ;i++) {If ( nun elements]|i] <
min_element_num { mm n element num = num elements]i]; } /* scan

status to identify overlapping peak */ (* valid_peak_regicn = for (i =
IGNORE-DAE A= tND X 4 ssmpa-n element num - IGNORE-DATA-INDEX;
i++) ptal =ia|u+ iLptag a2 +i; pta3 =a3 +i; ptad = a4 +i; ptbl = bl +i; |

" pib3 = DI oW S i

data OFFSET[Z] = abidataline.dataOffset;

trace3 = (short *) malloc{abidataline.numflements * sizeof (short));

fseek {inABI, abidataline.dataOffset,SEEK_SET);

fread{tracel, abidataline.elementSize ,abidataline.numFlements ,
inART) ;

}

if {abidataline.tagumber == 12}
{
num ELEMENTS[3) abidataline.nunBlements;
element SIZE[3] abldataline.elementSize;
data OFFSET[3] = abidataline.dataOffset;
traced = (short *) malloc{abidataline.numElements * sizeof (short)):
fseek (inABI, abidataline.dataOffset,SEEK_SET);
fread{traced4, abidataline.elementSize ,abidataline.numElements ,

ko

inABTY ;
}
fseek (inABI, currentpos, SEEK_SET);
¥
}

/* call function to £i1l the other 2 Arrays. */

tracela = (short *} malloc( num ELEMENTS[0] * sizeof{short)};
traceZa = {(short *} malloc( num_ ELEMENTSI[1] * sizeof{short)};
trace3a = {(short *) malloc/{ num ELEMENTSI2] * sizeof{short});
traceda = (short *) malloc{ num ELEMENTS[3] * sizeof{short});
tracelb = (short *} malloc{ num BLEMENTS{0! * sizeof{short}):
traceb = (short *} malloc{ num_ ELEMENTS{1] * sizeof({short});
trace3b = (short *) malloc{ num ELEMENTS!I2] * sizeof{short});
racedb = (short *} malloc{ num ELEMENTS[3] * sizeof{short));

fill traces {num_ELEMENTS, tracel,

tracel, traced, traced, tracela, tracela, trace3a, traceda, traceib, trace2b, tracelb,
tracedb};

/w*******************************************************w*******************
E

* hdded on 07/22/2003, Guochun Liao

* split trace happen here, 4 steps

* step 1: scan traces, identify complete and clean peak

* step 2: bulld common peak profile using peaks with common peak spacing
* step 23: identify overlapping pezks

* step 4: split overlapping peaks

L e R R R R R R T e T T T T T S TR AU R AU AN
*
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ps3 =s3 +1i; ps4 =s4 +i; 46 Spltrace.c /* only process peak within valid
peak region *if (*psl == TRACE-STATUS-VALID-PEAK * { *
valid-Peak-region *_ -1; * printf ("valid peak at %d\n", i) *1 if ( valid peak
region > 0 ) */ if ( overlap_peak(numelements, psl, ps2, ps3, ps4, ptal,
pta2, pta3, 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 aft&Ea8ecshift site void-overlap-peak
= 0; last ovippeak = IGNORE DATA INDEX; all peak count = 0; valid peak
region/= -1; for (i = IGNORE-DATA-INDEX; i < min_element_num -
IGNQRE _ DATA_INDEX; i++) {int peak_count, ovlp peak_count,
pseudog v : ipeak -eoUNts: sheckewipdaws counts Ash 5.8k #0555tk »
ps{%l&i-s?tﬁrst, wxdnad; [* only process peak within valid peak region */
if (*ps) == TRA AEESSTATUE VA {|*E3%$E/S<F<l‘&Fa|?d°ﬁéakl?e@*iahuiﬂ1aiﬁwntf
("validpeaksat %6\n")i)iap 5 count roughbase; pais pasition - if, ¢ psl
TRA@ESCFA'FUSIPE*A@Hl*ﬁéznﬁ&_mﬂ@?smAj@.&@EMjcm *ps3 =
RACE:SIATUSBEAK LS4 2ETRACE STATUSIPEAK )

scan_trace (num ELEMENTS

I IGNORE_DATA_INDEYX, tracel, tlstatus);
scan_trace (num ELEMENTS|

[

{

01,

11, IGNORE DATA _INDEX, trace2, tZstatus);
scan_trace {num ELEMERTS[Z],
scan_trace (num ELEMENTS{3],

IGNCRE DAWA . INDEX, trace3, t3status);
IGNORE | DATA INDEX, traced, tdstatus);

/* determine background peak valus */
/* see calculate avg background peak */

/* if { background peak count > 0 )
*

* if { background_peak count > total peak count * 0.1 }

* A

* avg_background peak wvalue /= background peak count;

* - -

* else

* o

* avg_background peak value = avg_background peak valus /

{total _peak count * 0.1};
*
* )
*/

/* step 1.1 */
/* mark the start and end of valid peak range by
* ignore first and last idicated number of peaks
*/
mark_validwpeak_range (rum_ELEMENTS, tlstatus, tZstatus, tistatus,
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_cmn_peak spacing (num_ ELEMENTS, tlstatus, t2status,
t3status, tdstatus);
rintf {"common peak space is %d\n", cmn_peak space);

crmn_peak profile = (float *) malloc( cmn_peak space * sizeof({float)):
build cmn_peak profile {num ELEMENTS, tracel, trace2, trace3, traced,
tlstatus, t2status, t3status, tistatus, cmn_peak profile, cmn peak space);

/* step 2.1 */
/* calculate background peak */

calculate_avyg_background peak {(num_ELEMENTS, tlstatus, tZstatus, t3status,
tdstatus, tracela,tracela,tracela,traceda);

/* step 3 and 4 */
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{ all peak count ++; /*if (all_peak_count == 227 ) { printf ("base 227 at
%d\n", i); } }/* void rest overlapping peak if void overlap peak is true if (
void-overlap-peak { if ( *psl == TRACE_S TATUS_OVERLAP_PEAK -psi
= TRACE-STATUS-PEAK; }if (*ps2 == TRACE
STATUS OVERLAP_PEAK *ps2 = TRACE_STATUS PEAK; } 47
Spllitrace.c if ( *ps3 == TRACE_STATUS_OVERLAP_PEAK) { *ps3 =
TRACE-STATUS-PEAK; }if (*ps4 TRACE_STATUS_OVERLAP_PEAK)
{*ps4 = TRACE_STATUS_PEAK; }} @1@%%% psl == TRACE STATUS
OVERLAP PEAK Il *ps2 == TRACE_STATUS_OVERLAP_PEAK Il *ps3
TFQAG’E“SIIfA'I’Cl‘JS OYERLAP PEAK He¥ps4i=n TRACE STATUS
ovgﬁz‘ig,&hﬁﬁﬁﬁ Sl o TRACE STATUS PEAK 1T 3pe2 dstatue
TRAGE1STAEUS, | REA&’aII fpsﬁ 5=rERACE SEABUS: REAKH-2pss =
TRACE STATUS PEAK { check window count = 0; peak count = 0;

ovip_peakeount =.0; Rseudo=oMiBy-feak_count = 0; for (j =] <
mmelerlememzmuma I@M@REvaDdWAdNBEX qtﬁegﬁheﬁi@mn;dow count

+, Pel sl g SLENRIS s = 4 + |- if (*psi == TRACE
elemep uata ,»race aceZb, trac racedb);
STARUS REAK) {Egaaﬁf B gy e bbb LR

for{ 4=0; j < totallines ;j++}{

fprintf (outXL, " %d\t $d\t %4\t 3d\t \t 2d\t %d\t %d\t 3%d\n",
*tracel, *trace2, *trace3, *traced, *tlstatus, *t2status, *tlstatus, *tdstatus);
tracei+t+;
traced++;
trace3++;
traced++;
tlstatus+s;
t2status++;
t3status++;
tdstatus+t+;
}
fclose {out¥L) ;
folose {out1ABRT} ;
feclose {out2ARI) ;
fclose {inARI} ;

/* free all memory used */
free{tracel);
free{trace?);
free(tracel);
free{traced);
free (tracela);
free(tracela);
free(trace3a);
free{tracedal;
free(tracelib);
free{tracelb);
free{tracelb);
free(tracedb);

printf ("averge background peak value is %d, over %d background peak, with
%d total peaksi\n", avg_background peak value, background peak_count,
total peak count);

}

/* calculate average background peak */
void calculate avg backgroeund peak (int *num,int *s1, int *s2, int *s3, int
*s4, short *tl, short *t2, short *t3, short *td )
{
int num_elements{4], i, 3, k, m, min slement num;
short * pt{4], *ptrace, *tp; B
int * ps[4], *pstatus, *sp;

/* initialize */
ptil]l = ti;
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if (*psl == TRACE STATUS OVERLAP PEAK ) { ovinpeak_count ++; } if (
*psl TRACE STATUS PSEUDO OVERLAP PEAK
pseudo_ovlp_peak count ++; } if (*ps2 TRACE STATUS PEAK ) {
peak count ++; } if ( *ps2 == TRACE STATUS OVERLAP PEAK) { ovip
peak count ++; } if (*ps2 == TRACE STATUS PSEUDO OVERLAP
PEAK pseudo_ovlp_peak count ++; ) if ( *ps3 == TRACE STATUS PEAK
) { peak_count ++; } if ( *ps3 TRACES#ATE OVERLAP PEAK) { ovip
peak count ++; } if (*ps3 TRACE STATUS PSEUDO OVERLAP PEAK
psepda puvp:if; ( *ps4 == TRACE_STATUS_PEAK ) { peak-count ++; I if (
pszﬂ?f-'FF%JAE:E3 STATUS_OVERLAP_PEAK ) { ovlp_peak_count ++; } if (
psész[;mTR,B\f:ES TAT US-PS EUDO-OVERLAP-REAK pseudo ovip peak
coups tt; J i4;(peak _count + (ovlp_peak count +
pseaﬂﬁjowﬁgeak _count) / 2)>=
TR@ -SHIRT-CHECK-REAK-WINDOW ) /* if ( check-window-count >=
TRACE-SHIFT-CHECK-PEAK-WINDOW cmn_peak space { break; } if (
1.0* (oﬂ?;ﬁé%t’k?”céuh{ ¥ psetrido ovip_peak_count) / (2 peak count +
ovlp_peak_count + pseudo_ovip_peak_count) >= TRACE SHIFT MAX
PERCENT ) /*if ( peak count > check _window_count /
(cmf1; FEAK SPACE 2 ¥ 27 (THFRACE SHIFT MAX PERCENT) ) */ 48
Splitracec =vojd;ovetlap peak = 1;} else { psi=sl+i;ps2=s2+i ns3 =
s3+i;ipsd4 =s4 +i; if (*psl == TRACE STATUS OVERLAP PEAK it
*ps2 TRﬁCE%‘TﬁﬁT@“@VEREWP@éﬂWT e
min_element num = num elementsii];

}
}

/* scan status to calculate background peak */
avg_background peak wvalue = 0;
kackground peak count = 0;
for (i = IGNORE_DATA INDEX: i < min_element num - IGNORE_DATA INDEX; I++)
{
for {3 = 0; 3 < 3; 3 ++ )
{
int isbg = 0O
ptrace = ptlj] + i;
pstatus = ps{i] + i;

/* examined position should be a peak */
if ( *pstatus != TRACE STATUS PEAK )} { continue; }

/* 1if it's peak, should compare with rest 3 traces */
for (k = 0; k < 3; k ++}

1f { k == 7} { continue; }
for {m = 0; m <= MAY OVERLAP_PEAK_GAP * 2; m++)
{

= ps[k] + 1 - MAX OVERLAP PEAK GAP + m;
tp = ptl[k] + i - MAX_ CVERLAP PEAK GAP + m;

{ *sp == TRACE STATLS PERE && (*tD * MIN OVERLAP PERK RATIC)
> *ptrace ) : B

/* neighbor is peak and bigger, so this is background */
avg_background_peak value += *ptrace;
background peak_ count ++;
m = MAY OVERLAP FPEAK 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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*ps3 == TRACE STATUS OVERLAP PEAK Il *ps4 ==
TRACE_STATUS_OVERLAP_PEAK {if (i - last ovlp_peak > MAX
OVERLAP PEAK GAP && valid_peakregion > O { last ovilp peak = i; printf
("overlapping peak identified around position %d, 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 setaif 1, or set b if -1 */ ab switch = 1; valid_peak_region = -1,
for (i = IGNORE-DATA-INDEX; i < migPéfepgeht nun -
IGNORE-DATA-INDEX; i++) ptal=al +i; pta2 =a2 +i; pta3=a3 +1;
ptad = a4 +i; ptbl =hl +i; ptb2 =b2 +i; ptb3 =b3 +i; ptb4d =b4 +i; psl
= sl itfif' (pgoiegpnd pepeF 83 # £ bs4 = s4 +i; /* only process peak
within valid pesak-tegion i {psimm TRAGESTATUS-VALID-PEAK { valid
peak region *= -1, printf ("valid peak at %d\n", i) } if ( valid_peak_region >
0 {/* sepear%f‘teb%?}‘éfﬂ%fﬁ’ﬁﬁjaﬁ‘eéﬁmﬁ /= 10

else

{ avg_background peak value /= hackground_peak_count; /*=

avg_background peak_value / (total peak _count * 0.1);*/
B

}
i

/* identify overlap peak, and split if gualify */
vold split_trace(int *num,int *sl, int *s2, int *s3, int *s4, float *profile,
int profile_size, short *al, short *a2, short *z3, short *ad, short *bl,
short *b2, short *b3, short *bd )
{

int num_elements{4}, i, j, min_element num, ab_switch, valid peak region,
void_overlap peak, last_ovlip_ peak;

short *ptal, *ptaz, *ptal, *ptad, *ptbl, *pth2, *ptb3, *ptb4;

int *psl, *psZ, *ps3, *psd;

int all_peak_count;

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

}

/% get minimum element number */
min element num = 359998889,
for (1 =0; 1 < 4 ; i++)
{
if { num elements[i] < min element num )
{
min_element num = num_elements[i];
i
}

/* scan status to identify overlapping peak */

/* valid peak region = -i; */

for (i = IGNORE_DATA_INDEX; i < min_slement num - IGNORE DATA INDEX; i++)
{

ptal = al + i;
pta2 = a2 + i;
pta3 = a3 + i;
ptad = afé + i;
pthbl = bl + i
 ptbZ = b2 + i;
pthk3 = b3 + i;
pthi = bd + i;
psl = s1 + i;
ps? = 82 + i;
ps3 = 53 + 1;
psd = 54 + i;
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[* current position must be a overlap-peak position */ if ( *psl ==
TRACE_STATUS_OVERLAP_PEAK { 49 Splitrace.c '
reassign_profiled_ peak (ptal, ptbl, ab_switch, profile, profile size); /*
switch ab switch */ ab switch *= -1; /* indicate split done *ps|l = TRACE
STATUS OVERLAP PEAK SPLITTED,; if *ps2 == TRACE STATUS
OVERLAP PEAK reassign_profiled_peak (pta2, ptb2, abswitch, profile,
profile size); /* switch ad switch */ ab switch *= -1; /* indicate split done */
*ps2 = TRACE STATUS OVERLAP P%’Atf@%elﬁ_lTTED; if (*ps3 ==
TRACE_STATUS OVERLAP_PEAK { reassign_profiled_peak (pta3,
ptb3, ab ;yvigg s prr%filees,S pro ile-g;iég; §wi_t h ab switch ab switch *= -1, /*
indicate Split dONE:/ Jpsd = RAGE %‘E@éﬁﬁ}é@ﬁﬁ;@? PEAK
SPLITTED; if (*ps4 == TRACE_STATUS_OVERLAP_PEAK {
reassign_E)rofiIed‘;égéﬁ‘gﬁgg%j 34, abswitch, profile, profile_size); /*
switch ab switch ab _switch *= -1: /* indicate split done */ *ps4 = TRACE
STATUS Q\/ERLAP PEAK SPLITTED; }} /* profile peak at given
position, fhen, reassigr Tt 16-6fie"ef g sets” depénding on the switch */
void reassign_peefiledprpeak(shortzar shed b -t apswiteh, fleal; *prafile, o3,
intF[tfr‘t“ﬁiIei{_)site)
} /* printf ("overlapping peak identified at position $d\n", i}; */
}

/* scan status to identify potential in/del shift
* if shift ddentified, void all overlapping peaks after the shift site
/7

void_overlap peak = 0;

last ovip peak = IGNORE_DATA INDEX;

all peak count = 0; N

valid peak region = -1;

for {i = IGNCRE DATA INDEX; i < min_element num - IGNORE DATA INDEX; i++}

{

int peak_count, ovlp_ peak_count, pseudo_ovip_peak_count,
check window_count;

psl = sl + 1i;
ps2 = 52 + i;
ps3 = 83 + i;
psd = s4 + i;
/* only process peak within valid peak region */
if ( *psl == TRACE_STATUS VALIDR PERK )
{
valid peak regicn *= -1;

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

/* count rough base palr position */
if ( *psl == TRACE STATUS. PEARK ||

*ps2 == TRACE_STATUS_PEAK ||
*ps3 == TRACE STATUS PEAK ||
*psd == TRACE STATUS_PEAK )

{
all_peak count ++;
/* 1f ( all_peak count == 227 ) { printf ("base 227 at %cd\n", i): }
*/
H

/* vold rest overlapping peak if void overlap peak is true */
if ( void overlap peaak )
{

if ( *psl == TRACE _STATUS_OVERLAP PEAK } { *psl

fi

TRACE _STATUS_PEAK;

if { *psZ == TRACE_ STATUS OVERLAP PEAK } { *ps2 = TRACE_STATUS PERK;
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{ float *pprofile, max; int i, max ids; 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 = -1; for (i = 0; i < profile size; i++)

{ pprofile = profile + i; if ( *pprofile > max ) 50 Splitrace. ¢ { max =

*pprofile; max_idx =i; } align trace pointer and profile pointer, then profile

for. (i= 0; i < profile_size; i++) { pprofile = profile +i; pa=a - max_idx +i
pb=b - maxidx + i; profiled_value = *ppréifieepeak-value / max; /* printf

("pais %d, pb is %d, profiled value is %d at pos %d with profile %f\n",

*p? *pb, prdfilednsalue, TRApprofie)s [Hikactaabtvalue is allowedyprofiled_rzrx;
value */ if ( *pa <= profi I 1 HMAX-PEAK-ERROR) if ( abswitch
>Q{/* keegp aasamg [* lé%}wgéer%gas Jijgrtof) VE)R“AP PEM{I\)IAS( BVERLAPPEAR -
RESIZE RATIO; *pb=0; - - } else /* keep b same /* change ato0 *pa

= 0; *pb 5o Mé\’? W@@%ﬁ%&iﬁ@ﬁ%ﬁ* !

*ps3 == TRACE_STATUS OVERLAP PEAK ||
*ps4 == TRACE_STATUS OVERLAP PEAK ||
*psl == TRACE STATUS PEAK ||

*ps2 == TRACE STATUS PEAK ||

*ps3 == TRACE STATUS PEAK ||

*psd == TRACE STATUS PEAK )

check window_count = §;

peak count = O,

ovlp_peak _count = 0;

pseudo_ovlip peak count = 07

for {j = i; § < min_element num - IGNORE DATA INDEX; j++)
{

check_window _count ++;

psi = sl + j;
ps2 = s2 + 3;
ps3 = 83 + ji;

psd = sd4 + j;

if { *psl == TRACE STATUS_PEAK ) { peak count ++; }

if { *psl == TRACE_STATUS OVERLAP_PFEAK ) { ovlp peak count ++; }

if { *psl == TRACE STATUS PSEUDO_OVERLAP PERK ) {
pseudo_ovlp peak count ++; } : -

if ( *ps2 == TRACE_STATUS_PEAK } { peak count ++; }

1f { *ps? == TRACE STATUS OVVRLAP PEAK ) { ovlp peak_count ++; }

if ( *ps2 == TRACEWSTATUS_PSmUDO_OVERLAP PERK } { -
pseudo_ovlip peak count ++; } -

if { *ps3 == TRACE_STARTUS_PEARK ) { peak count ++; }

1L { *ps3 == TRACE_STATUS OVERLAP PEAK ) { ovip peak count ++; }

if { *ps3 == TRACE_STATUS PSEUDC_OVERLAP PERK Vo d B
pseudo_ovip peak_count ++; } B

if ( *ps4 == TRACE_STATUS_PEARK ) { peak count ++; }

if ( *ps4 == TRACE STATUS OVERLAP PEBK ) { ovlp peak count ++; }

if ( *psé4 == TRACE STATUS PSEUDO_OVERLAP PEAK | {
pseudo_ovlip peak count ++; } -

if { (peak count + {ovlp peak count + pseudo _ovlip peak count) /
2) >= TRACE SHIFT CHECK PEAK WINDOW )

Tyoif { check_ w;ndow count >= TRACE SEIFT CHECK PEAK WINDOW *
cmn_peak space ) ¥/ a - - -
{
break;
}
}

if { 1.0 * {ovlp_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 _count / {(cmn_peak space/2 + 2) *
(1 + TRACE_SHIFT_MAX_PERCENT) ) */ -
{
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} * 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 + vdiff; *pb = vdiff; - - }
else { /* keep b as profiled */ /* change a to the vdiff */ *pa = vdiff; *pb =
profiled value * MAX OVERLAP PEAK RESIZE RATIO + vdiff; } } return 1
if overlapping peak identified, O oth ér:se 51 Splitrace.c int overlap
__peak (int *num, int *sl, int *s2, int e s4, short *tl, short *t2, short
*t3, short *t4, int idx { short *pt[e], *tp, peak!, peak2, peakliidx, peakl_j_idx,
peak?2 i idx, 585%2_;‘31.&39—?6%&*&[4] *sp; int peak count, i, j, k, ret,
crowd_peaks count, crowd _peak check window; float pratio; int num
elements[4}, |n|t|aI|ze for (| 0;i1<4;i++) { num elements[i] _ *num;
num+, } ps[diz; 8%, T ¢

ps3 83 + i;
psd 84 + iy
if | *psl == TRACE STATUS_OVERLAF_PEAK {|

*ps2 == TRACE S”ATUS _OVERLAP_ PEAK ||

*ps3 == TRACE STATUS OVERLAP PEAK ||

*psd wm= TRACE _STATUS OVERLAP PERK }
{

if ( i - last ovlp_peak > MAX OVERLAP PERK GAP &&
valid peak region > 0 )

I |

{
last_ovlp_peak = i;
printf ("overlapping peak identified around position %d,

around base %d\n", i, all peak count);
}
j
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, orx
set b 1f -1 */
ab_switch = 1;
valid peak region = -1;
for (i = IGNORE DATA INDEX; 1 < min element num - IGNORE DATA INDEY; i++)
{

ptal = al + i;
pta2 = a2 + 1i;
pta3d = a3 + i;
ptad = ad + i;
ptbl = bl + i;
pth2 = b2 + i;
pth3 = b3 + i;
ptbd = b4 + i;
psl = sl + 1i;
ps2 = g2 + i;
ps3 = 83 + 1i;
psd = 84 + 1;
/* only process peak within valid pesak region */
if ( *psl == TRACE_STATUS VALID PEAK )
{
vallid peak region *= -1;
/* printf ("valid pesak at %d\n", i)}; */

H

if ( wvalid peak region > 0 )
{
/* seperate overlapping peak */
/¥ current position must be a overlap-peak position */
if { *psl == TRACE STATUS OVERLAP PERK )}
{
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ps[1] = s2; ps[2] = s3; ps[3] = s4; pt[0] =tI; pti] =t2; pt[2] =13; pt[3] =
t4; peakl = 0; peak2 =0; ret = 0; /* check if over-crowd peak region,
avoid this.region by changing peak status to TRACE STATUS -
CROWD-PEAK crowd peak count = 0; crowd peak check window =
2*MAX_OVERLAP_PEAK GAP+1; for (i = 0; i < 4; i++) { for (j= 0; j <=
crowd_peak_check_window; j++) {sp = PsJi] +j; if (*sp ==
TRACE_STATUS_PEAK { crowd_pesphtegesiat ++; }} }if (
crowd_peak_count >= CROWD-PEAK-THRESHOLD {for (i=0; i< 4;

i++) for (j = 0; l-sm crowd-peak. cheskwindowjizs) £.Sp.zRs[ilstdeif( *sp
==2TRACEiSTATUS_PEAK { sp = TRACE STATUS CROWD PEAK; }}
52 Splitrace.c § /*Etirf@np6siioh frfust be a peak position

/* indicate split dona */

*psl = TRACE_STATUS _OVERLAP PEAK SPLITTED;
}

if { *ps2 == TRACE_STATUS OVERLAP PEBK )

{

reassign profiled peak (pta?2, ptb2, ab switch, profile,
profile_size}; -

/* switch ab switch */
ab_switch *= -~1;
/* indicate split done */
*ps2 = TRACEWSTATUS_OVERLAP_PEAKWSPLITTED;

}

if { *ps3 == TRACE_STATUS OVERLAP PEAK )

{

reassign profiled peak (pta3, ptb3, ab switch, profile,
profile size);

/¥ switch ab switch */
ab_switch *= -1;
/* indicate split done */
*ps3 = TRACE_STATUSHOVERLAP_PEAK_SPLITTED;

I

if { *psd == TRACE_STATUS_OVERLAP PEBRK ]
{
reassign _profiled peak (ptad, pthé, ab_switch, profile,
profile size);
/* switch ab switch */
ab_switch *= ~1;
/* indicate split done */
*psd = TRACE_STATUS_OVERLAP_PEAK SPLITTED;

}

/* profile peak at given position, 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 1, max idx;

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

/¥ init */
peak value = *a;

/* get maximum value from profile, it should always be 100, just in case

max = —-1;
for {1 = 0; L < profile size; i++4)
{
pprofile = profile + 1i;
if { *pprofile > max }
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if (*sl TRACE-STATUS-PEAK Il *s2 == TRACE STATUS PEAK 11 -s3
TRACE STATUS PEAK 11 *s4 TRACE STATUS PEAK printf ("peak
identified at %d\n", idx); peak_count =0; for (i=0;i<4;i++) {for(j=0;]
<= MAX_OVERLAP_PEAK_GAP * 2; j++) {sp = ps[i] - MAX OVERLAP
PEAK GAP + j; tp = ptfij - MAX_OVERLAP_PEAK_GAP + j; if (*sp ==
TRACE_STATUS_PEAK {if ( peakl == 0) { peakl = *tp; peakl i_idx =1i;
peakl_j_idx j; } else if ( peak2 == 0 ) §gpieadc= *tp; peak2_i_idx =i;
peak2 j idx =j; } else if ( *tp > peakl ) { peakl = *tp; peakl i _idx =i;

peakl j_idx =j; }idx =i; else if ( *tp > peak2 ) { peak2 = *tp; peak2-i
peak2_] iche= 7, Yrpedkieount ++; } /* no existing overlap peak identified
in the nejghietfibod” allowed */ if ( *sp ==
TRACE_STATUS_OVERLAP_PEAK { peak _count =0; i=05; break; }}
must more than one peak within nelghborhood defined by MAX
OVE@@{AE’O?%’?\E‘K@Q‘;’%@ 179850t g8t 1o, ettt Shift, Reed ?ﬁf‘foduée
psudo-overlap peak i ( peak count > 1 && peak2 >= 0 either peak ratio
must sat?§fyﬂ\%‘l3l§l\r” @“\?E‘REA;PLPEAK RATIO pratio = 1.0 * peak! / peak2;

a ~ Mmax_idx
pb = b - max idw + i;

profiled value = *pprofile * peak wvalue / max;

/* printf {"pa 1s %d, pb is %d, profiled value is %d at pos %d with
profile %f\n", *pa, *pb, profiled wvalue, i, *pprofile); */
/* if actual value is allowed by profiled walus */
if { *pa <= profiled_walue * (1 + MAX PEAK ERRCR) )
{
if { abswitch > 0 )
{

/* keep a same */

/* change b to 0 */

*pa = *pa * MAX OVERLAP PEAK RESIZE RATIC;

*ob 0;

/* keep b same */

/* change a to 0 */

*pa = 0;

*pb = *pb * MAX OVERLAP PEAK RESTZE_RATIO;

}
/* if profiled value is not valid */
alse
{
vdliff = *pa ~ profiled_value;
if ( abswitch > 0 )
{
/* keep a as profiled */
/* change b te the vdiff */
*pa profiled value * MAX OVERLAP PEAK RESIZE RATIC + vdiff;
*ph = vdiff;

/* keep b as profiled */

/* change a to the vdiff */

*ra vdifi;

*ph profiled value * MAX OVERLAP PEAK RESIZE_RATIO + vdiff;

|

}

/* return 1 if overlapping peak identified, 0 otherwise */
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if ( pratio >= YIN-OVERLAP-PEAK-RATIO && pratio <= 1/MIN OVERLAP
PEAK RATIO if ( avg background peak_value < peakl * MIN _OVERLAP
PEAK RATIO avg background peak value < peak2 * MIN OVERLAP
PEAK RATIO mark status to indicate overlapping peak identified */ sp =
ps[peakl i idx] - MAX OVERLAP-PEAK-GAP + peakl_j_idx; *sp =
TRACE-STATUS-OVERLAP PEAK; sp = pstpeak21_idx] - MAX
OVERLAP_PEAKGAP + peak2 j idx; 53 Splitrace.c *sp =
TRACE-STATUS-OVERLAP-PEAK; ret=1;} else /* not satisfy

background requirement {/* mark statgilﬁ%&qgcate pseudo-overlapping
peak identified sp = ps[peakl_i_idx] - MAX OVERLAP PEAK GAP +

peakl. igdx. xsn =, TRAGE STATUS PSEUDO OVERLAP PEAK;sp= |
ps[pﬁ%ké%ﬁﬁlégﬁiﬁ@ﬁgﬁgAP*I?%AﬁgAéﬁ;pé\é’kifit_idsxai’ *Sp = Trapr®
STATU§ PSEUDO OVERLAP PEAK; or peak ratio satisfy MIN OVERLAP
COMELETE.BEAK RETIG®*and the snfafiét pedkis Becidan-afity peak2. i ix,
complete peak:t angithe background should be clean, which means

backgrauineP Shogll theltess thar *tsntalef peak sizert, crowd peak check_window;
MIN-OVERLAP-:COMPLETE-PEAK-RATIO else if ( pratio >=

MIN_OVEREAP GOMPLETE PEAKRATIO && pratio <= 1/MIN

OVERGAF;&:Q_IV{I?;.E;I’}E-PEAK-RATIO /* loop through rest two traces and
get theflaigggs:talgaé%gmmdi\;ague *{ short max_bg_value; max bg value =
0; for (i=0; i < 4; i++) {if (i==peak2iidx 1Ji==peakliidx continue; }
else { for Qﬁgif@WNX-OVERLAP-PEAK-GAP * 2: j++) { to = pt[i] -
MAX OVERLAP PEAK GAP + j;

ps(0] = sl
psil] = s2;
psi2] = 83;
psi3] = s4;
pti0l = tl;
ptii] = t2;
ptidl = t3;
ptl3} = t4;
peakl = 0;
peak? = 0;
ret = (

/* check if over-crowd peak region, avoid this . region by changing peak
status to TRACE_STATUS CROWD PERK */ )

crowd_peak count = 0;
crowd peak check window = Z¥MAX COVERLAP PEAK GAP+1;
for {1 = 0; 1 < 4; i++) - h

{

or (j = 07 1 <= crowd_peak check window; j++)

e P

sp = ps{i] + 3; .
if ( *sp == TRACE_STATUS_PEAK )
{

crowd_peak_count ++;
}
¥
}
if ( crowd peak count >= CROWD_PEAK _THRESHOLD }

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

for {j = 0; j <= crowd pesak_check window; j++)
{ a—
sp o= psii] + J;
if ( *sp == TRACE STATUS_PERK )

{

*sp = TRACE_STATUS_CROWD PEAK;
}
}
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if (*tp > maxbg_value { max_bgvalue = *tp; }} }} if ( peakl > peak2 {
satisfy background requirement if ( maxbg_value < MIN-PEAK-VALUE
MIN-OVERLAP-COMPLETE-PEAK-RATIO &&
avg_background_peak value < (peak2 MIN_OVERLAP_PEAK RATIO) {
for (k =1; k<= 10; k ++) {so = ps%peak? 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-PI%%I@-&@B + peakl j_idx; *sp =
TRACE STATUS OVERLAP _PEAK; sp = ps[peak2_i_idx_j -
MAXQVERLAP_PEAK_GAP + peak2 j idx; *sp = TRACE STATUS
OVERLAP PEAK; ret = 1; break; }} NOT satisfy background
requirement, mark as pseudo-overlap peak else for (k = 1; k <= 10; k ++)
{spZ ﬁgﬁg&@%@g&%@g@g RUAPPERR-GAP + peak2_j_idx - k; if
*sp > MIN;PEAK GlEsps=psipeakl_i_idx] -
MAX-OVERLAP-PEAKIGAP REEK ||
*84 == TRACE STATUS PEAK }.
{ /* printf {"pea
peak _count = {;
for (i = 0; 1 <

{

k identified at %d\n"™, idx); */

4; 1t}

for {j = 0; j <= MAX OVERLAP PEAK GAP * 2; j++)
{ sp = psl{i] - MAX OVERLAP PEAK GAP + ji;
tp = pt[i] - MBX OVERLAP PEAK GAP + j;
if { *sp == TRACE STRTUS PEAK }
{ if { peakl == } 1 peakl = *tp; peakl i _idx = i; peakl j idx
B else if ( peak2 == 0 } { peak2 = *tp; peak2 i idx = i;

peak2 7 idz = j; '}
else if ( *tp > peakl ) { peakl = *tp; peakl i idx
i}
else if { *tp » peak? )} { peakl
peak2 4 idx = 3;

peak_count ++;

1

iy
peakl_j_ idx

H]

il
i

*tp; peak2_1 idx = i;

/* no existing overlap peak identified in the neighborhood
aliowed */
o if { *sp == TRACE STATUS OVERLAP PEAK )
i
peak _count = 0;
i = 5;
break;
}
}
}
/* must more than one peak within neighborhood defined by
MAX_CVERLAP_PEAK GAP */
/* in order to detect shift, need introduce psudo-overlap peak */
if ( peak count > 1 && peak? >= 0 )
{
/* either peak ratio must satisfy MIN _OVERLAP PEAK RATIO */
pratic = 1.0 * peakl / peakl; - -
if { pratio >= MIN OVERLAP PEAK RATIO &%
pratio <= l/MIN_OVERLAP_PEAK_RATIO )
{
if { avg_background_peak_value < peakl * MIN OVERLAP PERK RATIO
& &
avg_background peak value < peak2 * MIN OVERLAP PERK RATIO )
{

/* mark status to indicate overlapping peak identified */

sp = pspeakl_i_idx] -~ MAX OVERLREP PERK GRP + peakl 3 idsx;
*sp = TRACE STATUS OVERLAP PERK;
sp = pslpeak2_i_ldx] - MAX OVERLAP_PERK GAP + peak2 j idx;
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peakl_j_idx; *sp = TRACE STATUS PSEUDO OVERLAP PEAK; sp =
ps[peak2_i_idx] - MAX-OVERLAP-PEAK-GAP + peak2 | _idx; *sp =
TRACE STATUS PSEUDO OVERLAP PEAK; break;} }} }else if peak2
> peakl {/* satisfy background requirement, mark as overlap peak if (
max bg_value < MIN-PEAK-VALUE
MIN-OVERLAP-COMPLETE-PEAK-RATIO &&
avgbackgroundpeak value < (peakl gllh\lraOVERLAP PEAK RATIO) for (k
= 1; k <= 10; k ++) {sp = ps[peakl_i 1) 2 #MAX_OVERLAP PEAK_GAP
+ peakl_j_idx - k; if ( *sTp > MIN _PEAK SPACE {sp = ps[peakl_i_idxi -
MAX-OVERLAP-PEAK-GAP okl fias Sp™E
TRACE_STATUS:=:OVERLAP_PEAK; so = ps[peak2_i_idxj - MAX
OVERLAP PEAK GAP + peak2 j idx; *sp = ,

TRACE-STATUS:OVERT AP PEAK F&T = T hrissk 55 Shlitface.c 1)
NOT satisfy backgrownd requitementdnatk as pseudo-overap; peak alseriried

{for(k=1k<=10;K+H)
sp = ps{gfeakl i idxl - MAX OVERLAP_PEAK GAP + peakl j idy;
*sp = TRACE_STATUS_PSEUDO_CVERLAP PEAK;
sp = psipeakZ_i_idx] - MAXY OVERLAP PEAK GAP + peak2 j idx;

*sp = TRACE STATUS PSEUDO OVERLAP_ PERK;
}
i
/* or peak ratic satisfy MIN _OVERLAP COMPLETE PEAK RATICO
* 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 »>= MIN OVERLAP COMPLETE PEAK_RATIO && pratic <=
1/MIN_OVERLAP COMPLETE PEAK RATIO )
{
/* loop through rest two traces and get the biggest background
value ¥/
short max_bg_value;
max_bg_value = 0;

For (L= 0; 1 < 4; i+4)
{
if (1 == peak? i idx || 1 == peakl i idx )
{
continue;
}
glse

{
for (3 = 0; 4§ <= MAX_OVERLAP PEAK GAP * 2; f-++)

tp = pt[i] ~ MAX OVERLAP PEAK GAP + j; .
if ( *tp > max_bg value )
{
max_bg value = *tp;

}

}

if { peakl > pesak? }
{
/* satisfy background requirement */
if ( max_bg value < MIN_PEAK VALUE *
MIN OVERLAP_COMPLETE PERX RATIO &&
avg_background peak_value < (peakl *
MIN OVERLAF PEAK RATIO) }
{
for (k= 1; k <= 10; k ++)}
{
sp = psipeakZ i idx] - MAX OVERLAP PEAK GAP +
peakZ i idx - k;
if { *sp > MIN _PERK SPACE )
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{ sp = ps[peakl_i_idx] - MAX-OVERLAP-PEAK-GAP + peakl_j_idx - k; if (
*sp > MIN PEAK SPACE sp = ps[peakl_i_idx] -
MAX-OVERLAP-PEAK-GAP + peakl j idx; *sp =
TRACE-STATUS-PSEUDO-OVERLAP-PEAK; sp = ps[peak2_i_idx] -
MAX-OVERLAP-PEAK-GAP + peak2_j_idx; *sp = TRACES TAT
USPSEUDO OVERLAP PEAK; break;} }} }} }} returnret; }/* build

common peak profile as reference * L%sirg% only peak with common peak
space void build _cmn peak profile (in gj'nuﬁ%e,’ hort *tl, short *t2, short *t3,
short *t4, int*s'_, int *s2, int *s3, int *s4, float *profile, int profile size) { int

num_elements[4], i, j, K, max; short * pt[4ja:; , *p é&riﬁ&* §Lﬂ< SR
flogt Hfipatpset initialize */pt[O] E"ﬁ; E%ﬁ]L‘:‘tZ;t]Dpt[Zﬁgjz?}é‘t ; pt?é;*: t4; ps o]
=sl; ps[l] =s2; ps[2] = sSs» ps[%?ﬂf?%,‘fﬁ@rl LEVOREARE LEARA) {
sp = ps{peakZ_i_idx] - MAX OVERLAP PEBRK GRP +
peak2 1 idx;
T *sp = TRACE_STATUS OVERLAP PEAK;

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

else

{

for (k = 1; k <= 10; k ++)
{
sp = pslpeak? 1 _idx} -~ MAX OVERLAP_PEAK GAP +
peakz j_idx - k;
if ( *sp > MIN PERK SPACE )
¢
sp = ps[peakl_i_ idx] - MAX OVERLAP PEAK GAP +
Cpeakl i idx;
*sp = TRACE_STATUS PSEUDO_OVERLAP PEAK;
sp = ps(peak?_ 1 _ idx] - MRX OVERLAP_ PEAK_GAP +
peakl 3 idx;
*sp = TRACE_STATUS PSEUDO OVERLAP PERK;

break;

1
}
}
else if ( peakl > peakl )
{
/* satisfy background reguirement, mark as overlap psak */
if { max _bg value < MIN PEARK_VALUE *
MIN OVERLAP COMPLETE_PEAK RATIO &&
avyg_background peak wvalue < (peakl *
MIN OVERLAP PEAK RATIO)}
{
for (k = 1; k <= 10; k ++)
{
sp = psipeakl_i_idx} - MAX_OVERLAP_PERK GAP +
peakl j idx - k;
if { *sp > MIN PEAK SPACE |
{
sp = pslpeakl i jdx! - MAX_OVERLAP_ PEAK GAP +
peakli 3 _idx;
*sp = TRACE_STATUS OVERLRP PERK;
sp = psipeak2 i idx] - MAX OVERLAP_PBAK GRAP +
peak? J idx;
*sp = TRACE_STATUS OVERLAP_PEARK;

ret = 1;
break;
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num_elements[ij = *num; num-++; } build init profile 56 Splitrace.c for O =
0;j<4;j++{for (i=0;i<num_elements[ji++) {tp =pt[j] +1; 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 /
max; printf ("%f\n", *floatp); } } Splitrace.c

}
}

/* 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;
if { *sp > MIN PEAK SPACE )
i
sp = psipeakl i didx}] -~ MAX OVERLAP PEAK GAP +
peakl 3 idx;
*sp = TRACE_STATUS_PSEUDO_OQVERLAP PEAK;
sp = psipeakZ_1i_idx] -~ MAX OVERLAP PEAK GAP +
peak2_j idx;
*sp = TRACE_STATUS_PSEUDO_OVERLAP 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 *¢1, short *t2, short *+3, short
*td4, int *sl, int *s2, int *s3, int *s4, float *profile, int profile size)
{

int num elements{4}, i, 31, k, max;
short * pti4], *tp, *ppeak:
int * ps{4], *sp:

float *floatp;

/* initialize */

pt{0] = ti;

ptill = t2;

pti2] = £3;

pL{3] = t4;

ps (0] = s1;

psll] = s82;

psi2] = s3;

ps(3] = s4;

for (1 = 0; 1 < & ; i4+}

{

num_elements [1] = *num;
num+-+;

}
/* build init profile */
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/* mark start and end of valid peak range */ void mark_valid_peak_range
(int *num, int *sl, int *s2, int *s3, int *s4) {int nun elements[4]; int 1, |, k,
done, min_elenum, 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++)
{ nun elements(i] = *num; num++; 57 Splitrace.c if ( min_elenum >
num_elements][ij { min_elenum = num_elementsJi]; }} /* mark valid peak
start done = 0; for (i = IGNORE-DATAGNREX; i < min_elenum -
IGNORE-DATA-INDEX; i++) {for (j=0;j<4;j++ {sp=ps[jj +i;if (*sp
== TB@Q?JS&I;A;I’QS%_P]EAK { start_peak_count ++; if ( start_peak_count
== IGNORE_START_PEAK_NUM {for (k = 0; k < 4; k++ {so = ps[Kk] + i

for {i = 0; 1 < num elements{j]; i++)
{

tp = ptiil + 1i;

sp = ps(jl + 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 = —i;
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 / max;
printf ("%f\n", *flcatp):

}

/¥ mark start and end of valid peak range */
void mark valid peak range [int *num, int *sl, int *s2, int *s3, int *s{)
{

int num elements(4);

int i, 3, k, deme, min_elenum, start _peak _count. end peak count;

int *ps{4}, *sp;

/* initialize */

psill = sl;
psi{l] = a2;
ps[2] = s3;
ps[3] = s4;

start_peak _count = 0;
end_peak_count = 0;
min elenum = $999959%99;
for (1 = 0; 1 < 4 ; i++})
{
num_elements{i] = *num;
num++;
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*sp = TRACE-STATUS-VALID-PEAK; done = 1; break; }} }if (done {
break; }} /* mark valid peak end done = 0; for (i = min_elenum -
IGNORE_DATA_INDEX; i > IGNORE_DATA_INDEX; i--) {for (j=0;j<4;
j++) {sp =ps[j] +i; if (*sp == TRACE_STATUS_ PEAK {
end_peak_count ++; if (end_peak_count ==
IGNORE_START_PEAK _NUM {for (k= 0; k < 4; k++ {so = ps[Kk] +i; *sp
= TRACE-STATUS-VALID-PEAK; } done =1; break; }} if (done 58
Splitrace.c {break; }} } Splitrace.c

if { min_elenum > num elements{i} )}
{
min slenum = num elements([il;
H
}

/* mark valid peak start */
done = 0;
for (i = IGNORE_DATA TNDEX; i < min _elenum - IGNORE_DATA INDEX; i++)
: .
for (3 = 0; 3 < 4; j4++
{
sp = ps{j} + i;
if ( *sp == TRACE_STATUS PEAK
{
start_peak_count ++;
it { start peak count == IGNORE_START_PEAK NUM )
{
for (k= 0; k < 4; k++ }
sp = ps(k} + 1i;
*sp = TRACE_STATUS_VALID PERK;

done = 1;
break;
}
}
}

if { done }
{

break;
}
}

/* mark walid peak end ¥/
done = 0;
for (i = min elenum — IGNORE DATA INDEX; i » IGNORE_DATA_INDEX; i--})
{
for {3 = 0; 3 < 4; 34+ )
{
sp = ps[]j] + i;
if { *sp == TRACE_STATUS PERK )
{
end peak count ++;
if ( end_peak_count == IGNORE START PERK NUM )
{
for {k = 0; k < 4; k++ }
{
sp = pslk] + 1i;
*sp = TRACE STATUS VALID PERK;
}
done = 1;
break;
}

}

if ([ done )
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1* identify most common peak space in- get cmn peak spacing (int *num,
int *sl, int *s2, int *s3, int *s4) {int nun elements[4], cmn_spaces[SO]; int
i, j, cmnspc, maxcount; int *ps[4], *sp; /* initialize */ ps[0] = sl ps[11 = s2;
ps[2] = s3; ps[3] =s4; for (i=0;i<4;i++) {nun elements[i] = *num;
num++; } for (i=0;i<50;i++) { cmn_spaces[ii=0; }/* count for (j=0; j
< 4; j++ {for (i=0; i < num_eiements[j]; i++) sp = ps[j] + i; if *so > MIN
PEAK SPACE && *sp < MAX PEAK SPACE {cmn_spaces[*sp] ++; }} /*
get the cmn space, the one with max eguipkcal@xcount = -1; cmnspc = 0,
for (i=0;i<50;i++ {if (cmn_spaces[i] >= maxcount { maxcount =cnn
spaces [l], cmnspc }
break;
}

}
}

/* identify most common peak space */
int get omn peak spacing {int *num, int *sl, int *s2, int *s3, int *s4}
{

int num_elements[4], cmn_spaces [50];

int i, J, cmnspc, maxcount:

int *psidl, *sp:

/* initialize */

ps[0} = =1;
psill = s2;
ps[2] = 83;
ps(3] = s4;
for {i = {0; 1 < 4 ; i++}
{
o num elements{i] = *num;
DUIGI'F H

}
for (i = 0; 1 < 80 ; i++)
{
cmn_spaces[il = 0;

}

/* count */
for (3 = 0; 3§ < 4; J++ )
{
for {1 = 0; 1 < num_elements{j]; i++)
{. .
sp = ps{j] + i;
if { *sp > MIN_PEAK_SPRCE && *sp < MAX_FEAK SPACE )
{
cmn_spaces[*spl ++;
¥
}
}

/* get the cmn space, the one with max count */
maxcount = -1;
cmnspce = O
for {1 =0; L < 50; i ++ }
{
if { cmn_spaces[i] >= maxcount )
1
maxcount =
cmnspe = 1i;
¥
}

cmn_spaces[il;

return cmnspo;

}

/* scan trace to determine peak position and peak spacing

* parameters: number of element, trace array, status array
*/
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} return cmnspc; } /* 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) {inti, total peak num; short * trace_idx; int * status idx; /* ignore
first ignore_idx data points for (i=0; i <ignore idx; i ++) status_idx =
status + i; *status idx = TRACE STATUS NOTHING,; /* ignore last
ignore_idx data points for (i = mum - ignore_idx; i < num; i ++ { status idx
= status + i; *status_idx = TRACE_ S%“%\ %CNOTHING, } /* scan traces
total peak num = 0; for (i =ignore idx; i < num - ignore idx; i ++) status
id%%dst%tﬁﬁrﬁ@ﬁa@éﬁd&ueltﬁa&e igtepegtpeskesizé Forfnotstait oi-peak
*status idx mopepk.esizg(frace_idx) /* identify peak position if ( is peak(trace
idx, status*idxjzcstatus idx = TRACE-STATUS-PEAK; total_peak_num
++; }7F priftPfidtatpeak number identified %d\n", total peak num); /* get
peak size, return O if not start of peak in, peak_size (short *trace) short
slefté’stasr@splgmrssherp*w%e*ata points */

="0; 1 < ignere_idx; i ++ }
{ .

status_idx = status + i; _
*status_idx = TRACE_STATUS NOTHING;
}

/* lgnore last ignore idx data points */
for { i = num - ignore idx; 1 < num; 1 ++ }
{
status_idx = status + i;
*status_idx = TRACE STATUS NOTHING;
}

/* scan traces */
total_peak num = 0;
for { i = ignore idx; i < num - ignore_idw; i ++)
{
status_idx = status + 1i;
trace_idx = trace + i;

/* get peak size, 0 if not start of peak */
*status_idyx = peak _sizel(trace_idx);

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

printf ("total 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 value;

ptrace = trace;
ptrace --;

sleft = *ptracs;
ptrace ++;

start = *ptrace;
ptrace ++;

sright = *ptrace;
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short peakspace[50]; int psize, up, down, i, max value; ptrace = trace;
ptrace - slet = *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_PEAK_SPACE; i++) {ptrace = trace +i; peakspace[i] =
*ptrace; } /* scan the space array up = 0; down = 0; for (i = 0; i < MAX
PEAK SPACE - 1; i++) {if ( peakspace[i] >= max_value { max_value =
peakspace]i]; } psize =i + 1; /* checBifireaeh peak end (up * dowr. ==
&& if peakspace'L4.) <= MAX PEAK END VALUE && peakspace][i] <=
peak@pa@exﬁlerl} {doreak; }

start <= sleft &&
start < sright &&

start <= MAX PERK_START VALUE )

/¥ £111 the space array */
for (1 = 0; i < MRX PERK SPACE; i++)
{
ptrace = trace + i;
peakspaceil] = *ptrace;
}

/* scan the space array */

0; i < MAX_PEAK SPACE - 1; i++)
if { peakspace[i] >= max_valiue )

max_value = peakspace(i];

}

psize = i + 1;
/* check if reach peak end */
if { up * down == 1 &&

peakspaceli] <= MAX PEAK END  VALUE &&
peakspace[i] <= peakspace[m+1] )
{
break;

}

/* decide up or down */
if { peakspace{i] <= peakspace[i+1] )
{
1f { up == Vo {up = 1; 3
else { up = up + 1 * down; 1}

/* check if up/down violated */
if ( up * down > 1 |
{
psize = 0;
break;

}

/* check if psize valid #/
1f { up * down == 1 &&
Deaksmace[m] <= MARX_PEAK _END VALUE &&
psize > MIN_ PEAK SDACE L&

max_value > MLNWBEAK_VA*JE )

/* satisfied, do nothing */
}

else
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[* 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 == 1 && peakspace[i] <= MAX PEAK END VALUE && psize >
MIN PEAK SPACE && max-value >= MIN-PEAK-VALUE { /* satisfied, do
nothing */ } else 61 Splitrace.c psize =0;} } /*if (psize > 0) { printf
("peak size %d\n", psize); } */ return psize; } /* return 1 if is peak,
otherwise return 0 */ int is_peak (shoBpfitraes int *status) { short m[25],

p[25}, peak; intispeak, short *ptrace; int *pstatus, mstatus[25];
{
psize = 0;
]
}

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

}

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

short m[25], pf25], peak:

int ispeak, i:

short “*ptrace;

int *pstatus, mstatus[25];

ptrace = trace;

pstatus = status;

for (1L = 0; 1 < 25; i++)
{

ptrace —-;

pstatus --;
mii]l = *ptrace;
mstatus{i] = *pstatus;

}
ptrace = trace;
for (1 = 0; i < 25; i++)
{
ptrace ++;
plil = *ptrace;

}

peak = *trace;
if (’'peak < MIN PERK VALUE )
{
ispeak = 0
}
alse
{
int mcheck level one
int mcheck level two
int pcheck level one
int pcheck level two
ispeak = 17 -

[ I

R

. m Ne e

/* decide if peak, check both side

* one side ghould satisfy PEAK_DETERMINEHCHECK_WENDOW_LEVELWONE
* another side should satisfy PEAK_DETERMINE CHECK WINDOW LEVEL TWO
* 7 . - - -
for (L = 0; 1 < PEAK DETERMINE CHECK WINDOW LEVEL TRWO; i++)
{

/* no peak existing in the neighborhood */

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

/* check if phigical pesak */

if { peak < m[i] )

{
mcheck level two = 07

i
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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 moheck level one = 1; int mcheck level two =1; int
pcheck level one = 1; int pcheck level-two = 1; ispeak = 1; I* decide if
peak, check both side * one side should satisfy PEAK DETERMINE
CHECK WINDOW LEVEL ONE another side should satisfy PEAK
DETERMINE CHECK WINDOW LEVElitEA&® for (i=0;i<
PEAK-DETERMINE-CHECK-WINDOW-LEVEL-TWO; i++) { /* no peak
existing in the; neighkoghood */ if ( mstatus[i] == 1) { ispeak = 0; break;} /*
check if phisical peak if ( peak < m[i] { mcheck_level_two = 0; 62
Splitrace.c if (FEEK<BIT-"° =~ &
.IEI-OI (i =0; 1 < PEAKMDETERMINE_CHECK_WINDOWMLEVELWONE; 1++)
{ /* no peak existing in the neighborhood +/
if { mstatus{i} == 1 } { ispeak = 0; break;!}
/* check if phisical peak */
if ( peak < m[i] )
{

mcheck level cne = §;
}
if ( peak < pli] )
{
pcheck level one

}

h

0;

}
if ( mcheck_level one + mcheck level two + pcheck level cons +
pcheck level two < 3 )
{
ispeak = 0;

}

/* previous version, only one level */

/*

*for {i = 0; i < PEAK DETERMINE_CHECK WINDOW LEVEL ONE; i++)
* i -

* if { mstatus([i] == 1 ) { ispeak = 0; }
* 1f { peak < m{il || peak < p[i] }

* { )

* lspeak = 0;

* }

* }

*

/

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

/!‘t

* if { m{l] * 1.0 / peak >= FLAT PEAK SIGNATURE &&
* pil]l * 1.0 / peak »= FLAT PEAK SIGNATURE )

*{

* ispeak = 0;

* }

*/

/* check the peak width, ignore if too wide */
if { ispeak |
; .

int left _width, right width;

short *ptl, *ptZ;

for (1 = 0; 1 < 25; 1 ++ )

{
ptl = trace - i;

pt2 = trace - 1 -~ 1;
if { *pt2 <= MAX_PEAK_START VALUE || *pt2 > *ptl }
{
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{ 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 = 0; break;} /*
check if phisical peak */ if ( peak < m[i] { mcheck level one =0; }if (
peak < p[i] { pcheck_level_one =0; }} if (mcheck level one +
mcheck_level_two + pcheck level one + pcheck level_two < 3 { ispeak =
0; } /* previous version, only one level *for (i = 0; i < PEAK DETERMINE
CHECK WINDOW LEVEL ONE; i++)Spiifgomstatus|i] 1 ) { ispeak = 0; } * if (
peak < m[i] peak < p[i] *{* ispeak = 0O; /* ignore flat peak, too flat usually
indicate dye extemtiern /* should not check flat peak this way, but check for
wide peak, ignbre following * if ( m[l] * 1.0 / peak >= FLAT PEAK
SIGNATURE && ;i p[1]:% 1.0 / peak >= FLAT_PEAK_SIGNATURE *
ispeak = Of¢heck the:peak mwidth,<ignore if too wide if (ispeak int left
width, right width; short *ptl, *pt2; for (i =0; i< 25; i ++

ptl = trace + 1i;

pt? = trace + i + 1;

if ( *pt2 <= MAX_PERK START VALUE || *ptZ > *ptl )

{ break;

}

}
right _width = i;

if { left width + right width > MAX ALLOWED PEAK WIDTH )
{
ispeak = 0;
}
}

/* caiculate avg background peak */
if ( ispealk )
{
total_peak count ++;
/* see calculate_avg _background peak */
/* if { *trace < MIN PEAK VALUE * BACKGROUND PEAK FACTOR )
.
{
* avg_kackground_peak value += *trace;
* background peak count ++;
* )

*/

return ispeak;

}

/* copy traces to two sets of arrays */
void fill traces{int *num, short *ti,short *t2 , short *t3, short *t4,short
*al ,short *al, short *a3, short *a4 , short *bl, short *b2, short *b3, short
*ha )
{

: int num elements([4],1;

short *xrl, *=2 , *x3 , *x4 , *y1 , *y2 , *y3 , ¥y4 , *zl , *z2, *z3, *z4;

for(i = &; 1 .< 4 ; i++){
num_elements (1] = *num;
printf(" in fill %d\n", num _elements[il});
num-t-+;

}

xl = £1;

vl = al;

X2 = tZ;

v2 = ai;

3 = t3;

v3 = al3;

x4 = tié;

64



{ ptl =trace - pt2 =trace -i- 1; if (*pt2 <= MAX_PEAK_START_VALUE Il
*pt2 > *ptl ) {63 Splitrace.c break;} }left width =1i; for (i=0;i<25; i ++
{ ptl = trace +i; pt2 =trace +i+ 1; if (*pt2 <= MAX PEAK START VALUE
Il *pt2 > *uti { break; }} right width =i; if ( left-width + right width >
MAX-ALLOWED-PEAK-WIDTH {ispeak = 0; } /* calculate avg
background peak if (ispeak ) { total-Peak-count ++; /* see
calculate_avg_background_peak */ /* if ( *trace < MIN PEAK VALUE *
BACKGROUND PEAK FACTOR } * §#liawge.background peak value +=
*trace; * background peak count ++; * } return ispeak; } copy traces to
two sets @f 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,
Shori**bgiéwe FIRST TRACE. */
ori{ i =

;1 < num _elements[0]; i++){
*yl = *xl;
®xI+4;
y1l++;

1

for( i =0; 1 < num elements[l}; i++){
*y2 = *yZ;
HE+H+]

yZ++;
}

for{ i =0; i < num _elementsl2]; i++}{ .
*y3 o= Fx3;
X34+
yi+e;

K

for{ 1 =0; i <‘num_elements[33; i++7 ¢
*yd o= vyd;
nd4+;
ydt+;

}

/* FILL THE SECOND TRACE. */

®l = tl;
21 = bl;
%2 = t2;
z2 = b2;
%3 = t3;
23 = b3;
x4 = t4y
zd = b4

for{ 1 =0; 1 < num elements{0]; i++}{
zl = *xly
14+
Zi++;

}

for( 1 =0; i < num elements{i]; 1++){
*d o= *y2;
VAR
Z2++;

}

for( i =0; i < pum_elements[2]; 1++}{
*z3 = *u3;
%34+
z3++;

i

for( i =0; 1 < num elements[3}; i++}{
Fad o= *yd:
X4+
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*b4 ) { int num elements[4], i; short *x|, *x2 , *x3 , *x4 , *yl , *y2 |, *y3 , *y4
*21, *z2, *23, *z4; for(i = 0; i< 4 ; i++){ num_elements[i] _ *num; printf(" in
fill %d\n", nun elements[i]F; num++;} xl=ti; yl=al; x2 =1t2; y2 =a2; x3
=13; y3 =a3; x4 =t4; 64 Splitrace.c y4 = a4, /* Fill the FIRST TRACE.
for(1=0; i < num_elements[0]; i++){ *yl = *x1; xl++; yl++; }for(i=0;i<
num_elements[i7; i++){ *y2 = *x2; x2++; y2++; }for(i=0;i<
num_elements[2]; i++){ *y3 = *x3; y3++; }for(i=0; i <num_elements[33;
i++){ y4 =*Xx4; x4++; y4++; } I* FILL $hiaSECOND TRACE.

Z4+4;
}
}

/* write file cffset using given data array */
void write files(FILE *fp ,int *num, short *size, int *offset, short *al
short *a2, short *a3 , short *a4}
{
fseek(fp, *offset, SEEK_SET);
fwrite(al, *size ,*num , Ip);
Teum+t
sizet+;
offgset++;

f

fseek(fp, *offset, SEEK SET);
fwrite{aZ, *size ,*num , £p);
num++;

size++;

offset++;

fseek(fp, *offset, SBEK_SET):
fwrite(a3, *size ,*num , fp);
num++;

sizat+;

offset++;

fseek(fp, *offset, SEEK SET);
fwrite{a4, *size ,*num , fp};
num++;

size++;

offset++;
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X1 =ti;zi=bl; x2=12; z2=b2; x3 =1t3; z3 =Db3; x4 =t4; z4 = b4, for(i
=0; i < nun elements|[0]; i++){ *zl = *xI; xl++; zl++; }for(i=0;i<
num_elements|i]; i++){ *z2 = *x2; x2++; Z2++; }for(i=0; i< num
elemen*_s[23; i++)( *z3 = *x3; x3++; z3++; }for(i=0;i<nun
elements[3]; i++){ *z4 = *x4; x4++; 65 Splitrace.c z4++;} } /* write file

Claimffset using given data array void write_files(FILE *fp int *num, short *size,

1. A DLERHSEL 0O 3h SBAhIA4 . 3B rER xR o) hiseE K EBus RitSEE
acid ?a%&%l}g h%viggg g\lli\gelltﬁetgfac!f g}';é&?a‘fi%fr%)dhgn%%? -ti-récse!sz, %;Jl; trgggslgts;?a;
plurality of traces having a plurality of datapoints and each respective datapoint in each said
plurality of datapoints representing a signal amplitude at a posiiion 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; 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.

2. The method of claim 1 wherein
said first output homozygous representation is a first homozygous sequence
representation of said input nucleic acid chromatogram; and

said second output homozygous representation is a second homozygous sequence

representation of said 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 any one of the preceding claims wherein said identifying comprises:

(A) 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 frace including said first peak;

(B) 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

(C) identifying a coordinate in said input nucleic acid chromatogram that is

within an overlap threshold number of datapoints of (i) a first datapoint having a
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fseek(fp, *offset, SEEK SET); fwrite(a2, *size *num fp); num++; size++;
offset++; fseek(fp, *offset, SEEK SET); fwrite(a3, *size ,*num , fp)
num++; size++; offset++; fseek(fp, *offset, SEEK SET); fwrite(a4, *size
*num , fp); num++; size++; offset++; } 66 Claims: 1. A method of
processing an input nucleic acid chromatogram from a heterozygous
maxp eiedoishiseling lectosiv §iadpienatylasipoins Seriniad e inumm ey said
secollB&@R, 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
5. Theretpdntinmté werrespidiivererittpotrtidineeierpioampstisigd peak
wheldontifing R dshpaRk Al aEsdRSaidwRIklef tap8shaiSeen

damsubstantially overlapping a second peak in a second trace in said plurality

8?1?%%%&' and outputting said first peak to a first output homozygous
representation of said heterozygous nucleic acid sample and said second

6. TREAeIRAEFERANG QURIH RAMPEYIAUS siBRIAsARIBIORMPHZAI second peak
heterozygous.nucleic acid s le. 2. The etlz?th f claim | wherein said

e SR R 82 Sl e Bleaia o T SRS R S equence
representation of said input nucleic acid chromatogram; and said second

7. TORTRMEAOHNRYSRUS IRIrRSHAtBMISASERARE HOMOAYSRUS SRAMRINSSK

eald[erBrese t%tlon of.sa{% tg}w ut.nucleic.acid ?romdgttg%{%sm. 3. The method of

clih T Whereih 8aid Tirst outpu aﬁg%nész%goﬁgyrepr%sen‘tation is a first

homozygous nucleic acid chromatogram; and said second output

8. ﬁfé@ﬂ@éﬁb@@%i@[&é%ﬁ@tﬁﬁ&ﬁi@ ae%ﬁmn&em?@mgw%qﬁg an ﬁmz _
chromatogr . e me any one o %e receaing claims wnerein

o R G RETEe? L ARG Ho7 kbl ek BRtve peat of one or
more peaks in said first trace, a

9. The method of any one of the preceding 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 format, or an ALF file format.

10. The method of any one of the claims 4 to 9 wherein, when there is more than a threshold
number of peaks in said input chromatogram in a predetermined region about said coordinate,
said first peak and said second peak are each written to both said first output homozygous

represeniation 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.

12. The method of claim 10 or 11 wherein said predetermined region is between 2 datapoints and

20 datapoints about said coordinate.

13. The method of any one of the claims 4 to 12 wherein, when a ratic between said first

datapoint of said first peak and said second datapoint of said second peak is greater than a
threshold
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datapoint having a maximum value in said respective peak, said one or
more peaks in said first trace including said first peak; (B) 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 (C)
ratioidelutifyinig disooedinatd midaicting utenkiclsiccadidvairmiateyfafirsthextist
hom%@&ﬂsq'@p&\éﬁ{{%bﬁm@gemQﬁ?&f&ﬁi@a@%m réeaditst datapoint
having a 67 maximal value in said first peak and (ii) a second datapoint
having a maximum value in said second peak. 5. The method of claim 4
14. whkreiretait! fif stipeak s shbystartiallyiosvsdibpig saldeséscohdgpeiak 20.
when said first datapoint and said second datapoint are between two
datapoints and seven datapoints apart. 6. T?e method 8f4 laim 4 wherein

15 daRrap bR dap ety SUETTSSPiRY saiede Eolidpetk when said

first datapoint and said second datapoint are less than three datapoints

16. ﬂmtﬂoﬂmémeﬁ@%@teé a0%096,abthe Rreseding GAMmUNeraip saiddirst

. peak and said second peak each independently compyise between five
S b LA RS OIRISS PR ARB Ly O DR = o5

thanprelpestinlg claimsiwherdirfissajadipud shidoseeaiud el mdreah ABitetréreniie

ﬁrstfgﬁwwéggom%Ba&@ﬁaﬁarém&lﬁsé%mu@m@;ﬁ% & fgsmakeRod he
method of any one of the preceding claim wherein said first output
homozygous representation and said second output homozygous

17. Fepresbntatieny are efabhdwrittehtint GribaBiethadduriterformaisiae SCF file
format, @GR file format ran kb diledformar 49. the maihadpiankid
one of the claims 4 to 9 wherein, when there is more than a threshold

chrAREEMo e aks in said input chromatogram in a predetermined region
abowutisagdseorfdshatek saddshistpeald grdksandsselcdrd peakt drersartpus

reptIHERGIP AARLRAIL IR QUIRLTLBRBIPZYIONS LERIBRENAIA ARG SAlf first

second output homozygous representation, 11. The method of claim 10
datappiatQfns e RESk S TSEN LY PR 18 SRtV ESRT R 2 ke e i
avepgaksakl2cTheumietiioe of claim 10 or 11 wherein said predetermined

region is between 2 datapoints and 20 datapoints about said coordinate.

13. The method of any one of the claims 4 to 12 wherein, when a ratio
18. B i et iRttt ser m@kﬁéwads‘%egéeslﬁ%%ﬁ oint

of séidcsegerickenk isgreaten thastardhyésheld p8reditioofataessshid first
maﬁﬁﬁk \‘%’ﬂg %@'9 ﬁ&%oiﬂdsﬁﬁ_%é%@ﬁ%c@%gw&@@o&@e%fiﬂdffrgtd%ﬂ%% that has a

homozygous representation and said second output homoz gous_

magpe DA TR SO O PSSP R SR MAFSERBRd ratio

valugijs sapdeist QH20 colfparidve métkad ofatiaintl 3nwkedeinssaicdhréshbtd

coﬁ@%ﬂgnﬁg%&?‘a ilﬁ%’f‘ﬁt%é‘soa 10:dh8 %‘ﬂ}@%j of anpyspneiak theslainsdbde:
a

nd T4 or 15 wherein, when a ratio between sajd first datapoint of s%id

trage- & HUbR AT sst ot eRetRSn ORI Y R TRERKTS SR compare

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;
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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 any one of
the claims 4 to 16, the method further comprising: determining an average
peak background value for said input nucleic acid chromatogram, and
writingremidify stqpmatoaing Saidhd doontepiwik(iio wsiig fidsioenpdatapoint that

has I1RMMAZHGANS FSRIERRNIANAN ARG SRIA SREANE QUIRUL RPRAZY AU ks in

.. representation when ei%her sajd first_datapoint of said first peak or said

said oSty %ﬁfabﬁﬁl?ﬁf%‘?%%? §e§8gdn°3r5%a§ﬁ1 fess than said average peak
backyropmtngaitie ca8pFhg Methvldakalaintil7awhaidirnbrizylagengsak

difteRACKGrAHRd Mallig inealcUted Dntl) CAMRALNG: @l HRIARAINIRA Hast
trace in said plurality of traces that has a maximal value of a peak in said

been susifisred %i&f&ﬁ&“&&%&%ﬂﬁ@“ﬁﬁhﬁ%ﬂ that has a maximal value in a
cortesperding sedionunfeabythertnbee of peakh plidedity ofitraoesieliihereby

obtalGRESHNS he camPatisaa Rk saiddatapoint in said test trace to the
corresponding datapoint that has a maximal value in a corresponding
region of another trace in said plurality of traces until each trace in said

19. plUralityettt adesrasrbeeh dempaieth iBsaidiccampaidnipiil, Wwivdgsirecid

chrofRRRaRIddRlRRQINhIkISRIGIgStdiacs 1% 3 valiedbalisaraerdbandhe,

value held by the corresponding datapoint of each other trace in said

the AR OPIFSERESHE value of said datapoint is added to a counter; 69
(iii) sepeiat sgdhe gompsicing (Hawmah daepedting ieusingralditferansaid

hete Qintthat Rasa.maximalyalue of a different peak hi said test trace
until' all or a portion of the peaks in _said {;est traﬁe have been co arei((%
by S4iE BYhP&RRG ) E7 P8 5L 415 Loty BOMBARIRY (T CHIE I Pt ),

poirgrrdié diict nepl atih sp{diyeasid pak differmhttestracetih sl dysut ity oof traees

repﬂé&ﬂlaﬁ@ﬁ'&nﬁ%‘ﬁ é@c&%q)\ﬂ ﬁl&%&&g&&%béénma@ 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 said average peak

20. bEekgetud divediime. 129y engmegthsdrnofrempongsef claitng 4 tokBrwherdin

thatSELNR ‘étafa%lﬁé@i@%@' +CREOMAIOAMJERIBRE N RANURIRIC agid.ap@LIERce

from a heterozygous nucleic acid sample, the method further comprising:
Peak SHHRTY Lalbr Y SR i R BRI ES AT T8I £ st T SEAETGY © b°
saiddetetioNinses@midohiterionyy sud nticteicacidwderpled wagtein when said a
point of insertion or deletion is found and said coordinate is after said
oint, said first peak and said second peak are each written tQ said first
Zi-gﬂﬁw%mﬁ%&?@ ‘F&B’i"é‘%éﬁ?a%??&’r‘?@@%ﬁ%&%?%&’%ﬁ%ﬁ%ﬁ B ous
andrépresentation. 20. The method of claim 19 wherein said scanning
comprises counting a number of peaks that occur in said plurality of
traces after said coordinate, wherein, when said numper of peaks exceeds

22. s HRERa Rl FERGH TSRS REAr EXH RS B A D BB RN G 5

and@99.

23. The method of any one of claims 19 to 22 wherein said scanning comprises determining
the percentage of peaks that overlap in said plurality of traces after said coordinate, wherein,

when said percentage of peaks that overlap exceeds an insertion/deletion
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said point of insertion or deletion in said heterozygous nucleic acid
sample. 21. The method of claim 20 wherein said insertion/deletion
threshold number is between 25 and 75. 22. The method of claim 20
wherein said insertion/deletion threshold number is between 75 and 200.
23. The method of any one of claims 19 to 22 wherein said _scanrgii .
threshgl ARSI e P EEMER L OT ERAP DSR4 s ion
in saipharality gdus acekiafier saidptoordinate, wherein, when said percentage of
peaks that overlap exceeds an insertion/deletion 70 threshold percentage,
_ said coordinate is determined to be said point of insertion gr deletion in
24, BhidmERero oY AL e 8K hIBRET R OFHE the S oA
betwenheveipesaid ingeitien/deletion threshold percentage is between two
percent and ninety percent. 25. The method of claim 23 wherein said
insertion/deletion threshold percentage is between ten percent and fift]y
25, BbrcmAtieb oA ool B4Ry Bl BPREEEL G SRR Rt
betwdEipleh puciaicaadidfighreeatogram 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 secopd peack<
26.  BYeanehnhPESRLIaRt. P7INPHEGHRIIRG F BrN S WRE P SR € &IAY
chroe@bstant isphabngen intiainda3i2. s@Beldre fmethodatokmipy 26 wieieirrid
samplsﬁaellgds \%ﬁ%&%? g@&twgé?d%&p&%ng%] mgtas Qb ARY L0 0k G R SERAIRG
claims, the method further comprising: generating a common peak profile
peak g saif RSRTY BF Hedke TFREARCHBBrhucleic acid chromatogram, and, prior
to said outputting; and checking said first peak or said second peak
27. AGAINF SAIY GOMmenRsals BIafile; 30 JREMeMBoM ofclaim,d3 wherein
said generating comprises: determining the average number of datapoints
in the peaks in said input nucleic acid chromatogram; and averaging a
28. muefilenafdiall oranm tidierefnthedaeaksgnesaithinpatdnucleic acid
chromatogram that have said average number of datapoints, thereby
forming said common peak profile. 31. The method of claim 29 or 30
29. Tiisareihrd SitrBnaBRINGRORSHLES elatermitiimy WriHErs coRRREBEA test
datapeintin saithdicst paalporisaicd setontitpedpeekcreds] inpamueteor
aci dggrr()crgg}to(a%(%ae :a a}@hﬁg] &f&h&ﬁqﬁg@&%a aid common peak profile that

orresponds’to said test datapoint. 71 32. The method of clajm 3

wheliesingia S iSF prekcenial RO RTINS 1581 § OO B RE W Ethod

of claim 31 wherein said error percentage is 0.1. 34. The method of any

so. BISRLINS Breading claims whereln.said algbof races in said input
chromatogram nucleic acid consists of a first trace for guanine, a second
tra€gtegpining the average number of datapoints in the peaksin said input nucieic

acid chromatogram; and
averaging a profile of all or a portion of the peaks in said input nucleic acid
chromatogram that have said average number of datapoints, thereby forming said

common peak profile.

31. The method of claim 29 or 30 wherein said checking comprises determining 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 that corresponds to said

test datapoint.
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cytosine, a third trace for adenosine and a fourth trace for thymine. 35. A
computer readable medium having computer-executable instructions for
performing the steps of the method of any one of the preceding claims.
36. A computer program product for use in conjunction with a computer
system, the computer program product comprising a computer readable
32. Eheregjeofridiaim ahd ieeimpdreropregeanemsdsarisht 8hsddekd therein,
the computer program mechanism for processing an input nucleic acid
hro ggt%ajnlggm %efgg%esrg ouselnucl[elc %cdq sample having a plurality
“substa y simultaneous traceg %mputer program mechanism
comprlsmg. instructions for identifying a flrst peak in a first trace in said
34, TR ?&m@@foﬁaﬁ@sd@af ise prbstantialroyeflapping @ sectndJienkdnia said

se cond trace in ality.of tre%ce%rse}ntga CIQ% uctlon for %%%t@ges%d

inpu omats Slal %czlér OIISiStS ?
rSt ea‘l’(g’{o 4 firstGu put homozygous representa on of sai
Cytoﬁh%ﬁtseﬂféizyig@w i eraosispBd mfste i esail 86HRA% peak to a second
output homozygous representation of said heterozygous nucleic acid

35, iam I e%;fd*; £omputer pro YRR roduct of claim 36 wherein 4 i first

omozygous represen ion isa first homozygous sequeric
the Stﬁﬁ@%ﬂm@mwﬁwwmmﬁﬁmwwd%ﬁmmatogram; and said second
output homozygous representation is a second homozygous sequence
representatlon of sald c'Ith %’ nucleic acid chr%)rrgiat ram, 38, The, COmpUter
3

o) fer se 111 con W1 cotrn
O OGN SR B Srein Sald Tirst output homozygous

compgistenserrtion el fsrheby yoonsterUeRsDECHEP e BIRtHSHRART SHTPYATd
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mora%mléﬁs%rsaéﬂtffpﬁtgr@ﬁgt BedlatanGiak Iﬁavmg e AHENNTL VBHIEs hat is

F Cltl eak, said one or more pea adfl st trace mclugimg
substant a, P{ ver P(p} a.36cong peak 1n a second trac 1n sal ura \é aces
Irst pea ) instruc ions for mar ing, for each respective p€a
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of s¥alue:Af St rasRectve Reple aﬁiﬂi@a&ﬂ%&ﬁﬂ’@@i@ Peaksolil saifLsRGANE gous

reprgg%gt% ggglﬂllﬁ@g said %%cl?snn% gcaléé1 q:e) instructions for identifying a

ESOraIRAE RSN nucleic aC|dsc’rT1l omatogram that is within an
overlap threshold number of datapoints of (i) a first datapoint having a
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val ue| said second Q. A uter system for
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representation of said input nucleic acid chromatogram.

38. The computer program product of claim 36 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.
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a memory, coupled to the central processing unit, the memory storing:
said input nucleic acid chromatogram; and a program module, said
program module comprising: instructions for 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; and instryction
39, forotrptifiy RasR Pk & AT LBUPUROHER GOuE répré SRR
instruofsaitbhagterdzigoumptieleic acid sample and said second peak to a
Zi(l%?“d %Hé%&%&%@&l% isrepresaniationak.saisk heterezyanus pualeis

‘ sample. 41. The computer system of claim 40 wherejn sajd first .
said fispltetcn®HRARATTS YOR ARSAHIANGY U5 Hr &t A CRISSIYORIE s SqGeEST more
peaksRERS ERttiaR m‘csaidg@@tiﬁ‘m@_eih _acid chromatogram; and said second
O%F?sut homRZ YAV IERIGSADRNOD.% 33552 PONBEYIOUS SRAUBHSS in

representation of said input nucleic acid chromatogram. 42. The computer

said seGepdrifase clafPBO WS 2 PRSI A B EHIRBAE dgex: said one of
more QA $€ Miitieuis] arfirsibbdiny ygouscontieikasid chromatogram; and said

nd rﬂg’;%%m@&%&% [ERISSEAIRI0NS 3,56GRRANAMOZNIIMS eram

nucléic aci romatogram. 43. The computer system of any one of the

that 8| ATHSMERG ADARHEEHD SRS GERR PRSI A8 i T L RS imye 2

maxiRgtidaiions o fraikisgaforidackcespéativeipdakiod onexdmmore!peakstid
said 1girst trace, a datapoint having a maximum value in said respective

secon eﬁ .. . . . . . . . .
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

40. praksHpsaitsyseaortr ticesadatapoipuhavitdga aidxidmemavaiue ofrsaida
respective,peak, ,sai ( 0 [ ] 3 ' '

hete B e s

cOompHIStIEYHRETEIE BTG "€hromatogram that is within an overlap threshold

numbeiel datappigisief (i) a first datapoint having a maximal value in
saig it peak and ) 4 seqandaaiaPUoano faHNIRAANC Wring
said §epon3 peak: 44. A'computer program product for use in conjunction
withris somipindrisyeid AT matogs IS program product comprising a
comprigereadallle siarngemedidneantharbamputer program mechanism
embedded NG(& I, (Jarei&e%%bg;ﬁ el RIQYAMMERRPRISM fQLRIRGERRING Rlkes

input nucleic acid chromatograrn having a plurality of traces, the computer
that froghaintialeCHEHRI oM SFRIAGE brita SpRnfotitffe ™ thlgalLy ! traces:

and routine comprising: instructions for outputting a representation of a first

peak from,,fitst tEacein. SRl IPULRUBISIC AE SNEORAORRIR 1RAdKSus
output homozygous representation; and instructions for outputting a

reprreqsiasenRliHoN BN PAK SRR eibtpond peak 10'a second

output homozygous representation of said heterozygous nucleic acid sample.

41. The computer system of claim 40 wherein

said first output homozygous representation is a first homozygous sequence
representation of said input nucleic acid chromatogram; and
said second output homozygous representation is a second homozygous sequence

representation of said input nucleic acid chromatogram.

42, The computer system of claim 40 wherein
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trace in said input chromatogram at a point that substantially overlaps with
said first peak, to a second output homozygous representation. 45. The
computer program product of ‘claim 44 wherein said second peak
substantially overlaps with said first peak when a coordinate in said input
nucleic acid chromatogram is within an overlap threshold number of
dataipdintscofr(i) afirstzydodatapoirtwivingsa abximzinredpegois saiddigstcid
chrome?;ﬁmkdﬁngnQ') a second datapoint having a maximal value in said second

peak. 46. The computer program product of claim erein said overla
L ETAT BT RSB RE ARED TP aeﬁa“ﬁﬁéﬁ"a%%&‘bso“ﬁf 417!

chrommegtrod of processing an input nucleic acid chromatogram having a
plurality of substantially simultaneous traces, each trace in said plurality
of traces having a plurality of datapoints and each respectjve datafomt fin

8115 or

43, Th8 ATRRHFPRIFHIR Br it Apo Rt epriBe Minty 42 stifAT B HE

identifyasittompnidhie trace corresponding to the respective datapoint, the method

CQKW‘S‘%&Q&SM@&%M@ peakdnadficshtasein said pluality akiraces

that'is substantially overlapping a second peak in a second tr tgce in said
st 1 PEPR AL 8 AT SAR PR PRI THTGIAF ABasEerd one or more
peaksrapeesEntation okBaliadissidfestiqeddase-calling said second peak to form a

b%%? re RB%&E&E%@%%E@&Q&?&D&% P&@&t%@yﬁ' RO RRI:hase peaks in said

representation of said first peak to a first output homozygous sequence;

sewnﬁﬁac&uﬁp%ﬁfﬁﬁ@@a}a\%%%H@g@n‘tﬂﬁsr?fo%ﬂ F&%S%Y’Fd”ﬁ@‘aﬁ%‘& s
peaksObait froono zyvgo s stog erideecsdd peak; and

() instructions for identifying a coordinate in said 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.

44. A computer program product for use in conjunction with a computer system, the
computer program product comprising a computer readable storage medium and a computer
program mechanism embedded therein, the computer program mechanism for processing an
input nucleic acid chromatograrn having a plurality of traces, the computer program
mechanism comprising a trace split routine, the trace spiit routine comprising:

instructions for outputting a representation of a first peak from a first trace in said
input nucieic acid chromatograrn to a first output homozygous representation; and

instructions for outputting a represeniation of a second peak, occurring in a second
{race in said input chromatogram at a point that substantially overlaps with said first peak, to

a second output homozygous representation.
45, The computer program product of claim 44 wherein said second peak substantially
overlaps with said first peak when a coordinate in said input nucleic acid chromatogram is

within an overlap threshold number of datapoints of (i) a first
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datapoint having a maximal value in said first peak and (ii) a second datapoint having a maximal

value in said second peak.

46. The computer program product of claim 45 wherein said overlap threshold number is

between two datapoints and seven datapoints.

47. A method of processing an input nucleic acid chromatogram 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;

base-calling said first peak to form a base representation of said first peak;

base-calling said second peak to form a base representation of said second
peak;

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

sequence; and

outputting said base representation of said second peak to a second output homozygous

seguence.
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