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the teghniqnes elhe piesantinyension heterely 8w frdess aellybut need

con@led .kPog%ﬁﬁﬁg&trlrlg{rhggggoggpﬁg k8RR LsiBk a gl.ﬂgblﬁ)é;]eg Efs%n i nvention

pT OVi processi n nucl ei c acid
c hriratchgigae df dhe pigent ipletttial haly wirfe applixabidityt foagdnytyping

simul tanepus .traces._In the method, faor .ea of. ,one
hetgfpzyggpsnic eI R PP § OPP KEQWR qeffgﬁ‘ﬁédatmg
mewégbgﬁ%elgs 10 R8s e@ﬁ&%gggeif oRAVDNG, 18 aFRHcllM

n the respective p mar ked. Al'so, for
disenac tnaitif tasequance thespediespgion pHBNPcids samples taleandion ¢achce

metpl ot PR Ao B B SRR B Pl
disGRered in@ils@ohsit pépRaRiibh he@hdnRestddqeittep idividillf bfinalid fdrm
chromatogramthat is wthin an overlap threshold

of shpplosypebio sgawhpiberthey aspociaty with fherdizeasen toptiomalisushy a
an 5533 AU ple ot Rt Ty UG8 o SR iR o

DNa\ idtixkedonheadiseasd. Thepwbleangitpthigknownttéehnooe isahatnor e

peaks . in. the second trace, Finally, the firs eak

conveptignt!Seahpisies fbr eptiiying ths RobOTRBYRFETETY 0 pértornthe

reqﬁigiﬁ’éﬁg&fﬁﬁ%h's& 80 1idoe irﬁéﬁ%%@@@énﬁ%e. QUEPHHBEphRR
out sent

secon put  honmobgenous repre ation. 1n sone
typiealtbyoshowaiptas dottepaiein sequenbe s land convbionildabrecaliggn

two . dat apoi nt s and seven dat apoi nt nd in.s
softsAB PR ATORPI ‘G0 aH FBb D P eAanE  mer PRy iR,
subfRfiviiRintth SntetventfATEregHRQICD BRiHderizk BEch peBlkitand thereby
chromatogramis in an ABI trace file format a SCF
file format, a ZTR file fgrmat, or an ALF file format.
I'n some enbodi ment s,
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the first output honbgenous representation and the
second out put honbgenous representation are each
witten in an ABlL trace file format, a SCIF file
fornat a ZTR file format, or an ALF file format. In
, when there is nore than a threshold
“hu epﬁﬁhﬁﬁégks in the input chromatogramin a
preﬁh&p&x&ﬁumkmﬂegﬁmuwabﬁmsdmmhmeddmrduﬂmneﬁwphé

oS et b e S G B 5,

heté% b ukRictadR shinpies ﬁ&ﬁtamdhorhmﬂaﬁﬂﬂ%bda@ﬁ@ﬁeﬂlyatl on
t he second out put honngenous representatlon In

seqmn@i m@rﬂ%@mﬂ@ﬁﬁ@lﬂgﬁwcbhh rAUFBESIGS) getlies forms

S \Y ts
of iRt erhd G RERYS TROE elchF UREEKRPs (o gtn O BRI
canBﬁJt:s?&ﬁtﬂ:ﬁb@chdiﬁtﬁn atubyits tohbteﬁgmb d\fhﬁ&éﬂﬁe S?P@mmher forms of

odl nent s, en aratjo tvvee t he I rst ant
markers) Jfencfatesayith thedigeass updersiudye m&at%?f tlcaﬂ
the a%g SRR RERbN bHdPs, Rt sﬁygteﬁ@ & ﬁe&lbaseﬁw Fedet ihPenti¥d Eéhe

first peak and the second peak are each witten to
be ustrbgdnieraly iroethenfieldsowoly et farsxample czenera b3IND diseavdryt he
di seconqmaﬁggut honpbgenous representation. In sone
1agIQRties ¥ ¥eshold ratio value is at least 0.2 or at

| eas thdspdeifiéafion @htclaii¥DREHrERE isSmadéhie Bhrematdigtensifirvween
t he flrst datapoint of the first peak and the second

cxargple apBlugratest indgs. 4 arbhidapagritiplgirasse.apd havipg datapoints
aRhg! Tr-. ' d

o MERIRIAL LA Bt b BlmP W8 e scns

the ust&mnasgnhaﬁeed notecprotied sraepmesknbadtip tiis fronpganivesit need

r sentation odi nent s, t he_.i.npu nuclelc
to ingilg T MO BRIt B PREIER freone CoYoT By, & S QOB
wmﬁlt @lmb?oaasst @Jo?é ¥ER hvetdnshQuds! ©r Sl adnd fﬂ@@eawi@d

further co i ses scanning the I nput nucl ei c
a Sl@lat rcmdttmt,erca"mnuelcmu® npﬁasmt:mmt apsesiatedi(enrcapable efdtedtg on i n

essop gl ISR PGV REBERISR (e WeBRE) e S OB B T
mclthd&saqmﬁrlal‘it? oPseptl@tedilésPénch E}%ci@ingﬂm@rﬁl Dqitituded of driefobt

out put._honpgenous representation, and the secon? output

morﬁ@%@@ Aesu whick prax be peralinegtand nopmaligerbioi R @D
A B 8 LS e
ddﬁnbmﬁmdn&ﬂtmfbd&mmaes after a given coordlnate When

t he nunq%) ks exceeds, an i nserti | eti an
{ hrup R PR C T hion RIS Beligg of OFSINE B be

inpult Hﬁclﬂ@ LAk cl‘&{)maﬁ‘%ﬁh{ 1'1 [pI&tehiS o AibstaRtidil nﬁﬁiaﬁédﬁ% ygous

nucl eic acid n sone enbodi nenf's
tracésn Bethe mmbdeﬂ‘oeeacb nf OW(E‘SIMUB tespentilye peaks ubteﬁmte@at:e %the and

plucy ot RO T e s LR BB B bk

. markéD Ao RAkEch dfbge &&h&@@esﬁa%tiv@@éal@@ﬂ@ﬁdc&ﬁtrﬂ%ﬁﬁﬂﬁtl ng a

common peak profile for a plurali of peaks in_ the
plurplify of treaes. acdatepaint bﬁvenﬁaomﬁtlwnhvﬁluewt dhe gpRegtive peak is

il & byl 8t it YRR Y R Bl i
withien mmntapﬂlrishalld nfpmbl i dfeiatapantsmf(ié e ﬁhmdtttammd tihavimg a

. 11.e 1S ener at e | ete nin
s B Bk B R et B el 1 et S LN 1 e
secdnll ra% aﬂﬂta%.g a&iﬁa;gtn&hwaﬁﬁt@g 5&Bhd ﬂébﬂi if telon@ ¥EMBE gedlksd

pr of | e of portion of t peaks in the input

in thewetoaid drage iF malihrtbfrrﬁmstzxg,aahm aqutptited dovefitsheutpn dpmggenous
nunber of datapoints, thefjeby form ng the common peak
profile. In sone




enbodi nents, the checking conprises determ ning

whet her a value of a test datapoint in the first peak

or the second peak exceeds, by an error percentage, a

val ue of the datapoint in the comon peak profile
replebi@tatioR bAeHL 9RE8d QKIS Guth&RE WRIRBR] Qlltput hBmSSHBus

I nstances, the error percentage is between about 0.01
reprgsrataibouin some embadignents, the neerkap duesholdmamber ig between two

rcen e is.about 0.1. Another a ct. qf the

BRI FoPat arpe e ORI el Y Shae use
number (sahjed dathpats W t h a conputer system The conputer

program product conprises a conputer readabl e storage

med 5 SEbadimsats ihe PRt SurTaHe graB iR ag f Bltnee fledormat,
a SEPElTottnat MENC AR RLAMFRIERTHAN R ThS cABRARER, O

processing an i nput nucleic ‘acid chronmatogram havi'ng
the firspbutptlhotnpgafous tepssandtioalahy theiseasnt antpotinmagenas. The

co ter prqgram nmechanj,sm c ri ses ruction or
re R o e Ry SR o A S B 3 SCMIE L A 7
- file FSrAGE of A ADE il fok@ht. tsoffe ihdt@e8S when HRtAR@loRs thaaYi Ng a
maxi num value in the peak. The conputer program

threphoddvatmbsr of prekyiatheiopi cheosatdgram inpqredstesmined reginmrabiovlg
e EBhpbeEER e B B R EnBSQ S rRE B P
peakrand thvelsecuad peak afe dabiewrigtakto tHhfrscanpithemoginogs am

mechani sm further conprises instructiqgns_for
represFaiioR wrﬂﬁ&e 208 PHPHEROEIq2RNqUS SenreRgiRtion iR S aci d

i . e |
e umber ,g%ﬂg%hggg?ﬁ%r%ﬁ I(‘I S) Bgm[fe?lf?t k5at apoﬁﬂepﬁ%\k\?i Irl1lg
somg embediments\lad preddtermineliregion 1 batiweem2 tiitepante and 2Gvor e

eaks., i the f.irst trace and (ii) a second dat apoi nt
daw%%&ﬁﬁamgqﬁﬁﬁo 9al ue in a second peak in the one or

NDI1g shaekBbodimbhs, wike QRficUeBbdn the FRstGRBPYLEST thS Mef am

mechani sm further conprises instructions for

pealoandiihe serenyl datapeipt efdbhcgendpvalois arenter thapgithrgdeld retio 4

e L.

homagarot repfesédigtionnuie thcisecond botputiesnceecaaipiresenaiicd. &m f or
processing an input, nucleic acid chromatogram having a

somB g e Pregtol L e e it fepst O ot feart hfces, the

ernbb@RHS SVheh % ThtRB heSArBHaRpSRI TR iR REEARI thOsclMd
and a nenory coupled to the central processing unit.

datafidint ofdireegondtpealeis geoater thpm b threshbldiratio \abiegithe Hirst peskagd am
and ogram nodul .., The pr.ogr.am nodul e conpyi.ses

the 2FenCheak RreaCh B Fish, B Ry ARt e s SBlaHRT et o

the RERHDulpdt Rorhiddehbusiré@eRniafiorfai d  plurality of traces, a

dat apoi nt having a nmaxi num val ue in said peak. The
pr olgrsame crbediments, fhe inppt nusleiracielrampsostan 1eroersnts ar
r Of DI [
ool ol o pEBEy s G CRGTRL LRI G el
- furtieavernigrisas seanding tive iplitieiclzic dhfgnatggai for Bipeinp bDigseRidn or
: nodul&ﬁfurther conprises_instructions for jdentifying

deleiop gyihgitsiereryepys Ruekels #pdipample) Wihen A ppint CRISFRHPB GF am
delelfoRt e foindyh Kol 0 O iy U SIS e WIS oot e fr
outpubhomeogenoua rdpresentatpmannd the sedvad ontpuidhomogenoss pepadsentationt he

first trace and.(ii) a. second .apoi nt. having a
In sqphd i 2 Smite o eSO AR bty
num‘b@ﬁéﬂfspéaks ﬂlﬁﬁo&ﬁﬁﬁnﬁe gl Ry of BEcel afief APivER %tlrainaerWHéﬁf
conprises instructions for outputting a representation

the gymmben of gepkssaxcgrda rn ngertiordaletion thaeshpidmusber; the caprdingte is
representation of the secpnd peak to a second out put
source. Still another aspect of the invention provides
a conputer program product for use in conjunction
with a conputer system The conputer program product




conprises a conputer readable storage nediumand a
conput er program nechani sm enbedded therein. The
conmput er program mechani sm processes an input nucleic
acid chromatogram having a plurality of traces. The

detGRIRIALS be B g&h@&* HRARAR: dd AN Re! h%@?oz?%&fs AQeis kit

routine. trace split routine co
samlﬂrs o soousi enﬂmdﬁmnts thamysalttlbn/dg{etamlehlfesh@ nymetzk isthebmeen 25

ande}s i pkt S oo oL esgh Bl B RER bR e

andpge)gk occurring in a second trace in the input
chromat ogram at a dat a&m nt that corresponds to the

f i ripisopesrabodigentsShemadrod HuthsigonpsisvsgsAGaENg a common
peak gﬁ“ﬁf‘esfgpé @téu[atﬁgf of :ﬁ’gﬂl‘?ﬁ 1t %@gpﬁl \1;% 2 chd chtr&ﬁaté g 4P

rrespon n a coor nate N the
to outpptting Mot homogehous:fepmsmmna heckingithdfinst peak ovthiel ap
t hr eshol d n nmber of data &f‘ﬂ ts of af .rst %ﬁéaooint
scoq e RS iR il Spp eRbolizgnts,The ¢immon,
peal?ﬁfbﬁ[lﬁs @éﬁeﬁf@&l ‘e@nﬁﬁmﬁg m@%@éwbm d'aﬁ bipR isaeond
eak. In sone e odlnents the overl ap threshold

Peakﬂ}mﬁ@rmm npdeinecid chinmatigramend (i aacr@glse@@rpfde@%aémrﬁt s.
porthgll € pe I%E&(&BI PTIt Pclqu ac-:rlﬁl %hr%RA h%p’le C]ilave 1‘he average

es a C er ‘system O I'ng an

nun&hﬂdsfdiata@bmﬁg thgreb &ir@kpali@ cdhnhyn peukipustileils sane d
sequence tracings in accordance with one enbodi nent of

- embodgnegise g ghecking epmpres determining whother 3 Yaligaf g est datgpoint
in f&&ﬁ%&i S9hSL{ROH plk (?SCH/ 5}9@&3)@&@&5@&5%1&15 bifille

eterozygosity i nuc Ic acld sequence tracings In
datapoinbindhe cenmipn peaklmoﬁﬂﬂmd corsasporols to thh éespdatapeirtt. In some

t FI G | ust dat
instt e P8 piketog s et et e O LELERREIE REPPR. one
mtﬁﬁ@pmereem- pé&tertdde iPaRGENE. i nvention. FIG 4

| Ustrates an I nput chromat ogram and two exenpl ary

h ondgethieiaspedt ebthe swmtionipsnddesisgomppter rpgamdauodigtioguse

in BB QR R TRl Py A TR0 Sl £

esent | nven n I npu

conqi‘&te@ reatlads mwedlhm afk e oEhAtter pgtgb@gmg&mm;m enilqbedded
representatlons that are creat ase upon the | put
thergy %@@@W{Rﬁrﬁ@ meghanisgy ﬁaeea% ecﬂ‘f pqucessg%émut nucleic

acid QS g Blinkity Bt ERERIAD AAMhCREHABSI TR Uses

e pro eSS|ng B eps Fig. 2 ate the
oomw@o plrogtanunetdﬁmanloompﬂsmtm@lom bemsﬂﬂr[g‘ (A)foesagh bf one

Fi | | [rat { h { h
or g jpakan 1154 iy i BRrTbenY (Piy CRuR bR b et
valdef i pRhlt. The tof Eﬁﬁroéxbﬂﬁﬁecﬁbmﬁlﬁ SurRf E&ﬂfrﬂs@gin@ﬁ(ﬁons

genom c_ regions covered % PCR anplification. Like

for merking(o donensh ohpre qratase peays ot seé@pidmr: tyihp ahuradity of

o AR A o, T B
medReGkIRAMHer EdrhpiiseARIiENGoNs for (denifyingla ddoniidatdtinlthsinping
has been appended as pages 37 tQ 66 in the 11 presen

nuclggacid chrqnagtograty ghag jsyathig an piesrlap Hygsheld nmbafrqi Arippaints §
(i) L1RRRRBDSint hRhedah&ifhl 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 computer program mechanism further
comprises instructions for outputting a representation of the first peak fo a first output

source and a representation of the second peak fo a second output source.
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creation, the tine of creation, and the file nane is
found in Table 1 below. In Table 1, the size of the
file, in bytes, is provided in colum one. Colums two
and three respectively represent the date and tinme of

fileuqr i j £ | ts the
n arrg tlgfaﬁ %g%??%ﬂtﬁ}%%ﬁb%hf H ﬂgoﬁrﬁegﬁt S gfte{ ﬁe Costrrg ut er
proBessigg aminpivsivickiy atphdnahatoShndialag e pbiralify nbsubbthrtialpime
. eati on of .Creation 46,000 12-14-03 10.27 pm_ .
simgliippCiFe, CRIBTEERD O BRSSPk A CRE R RS end
mefhoBcdoaied td the deaPpréeessifgluhi he 6RAToRN§t6re® hn inpet nucleic

fil'enane contained therern, is hereby_ incorporated by
acid dirematagrem andiamsogram madgtey Therpregigmanedie samRSEs on | s
. ) ci ng
nsiSHERL O nb IR o0 UL R DRORE R Rl s
pluralityeofhasexla dytapenn having asedirmomivalveipsad pealicThe program

r tograns. .For each i nput terozygaqus
ol BHETaP S HRCGH SRS Gon B ST PR P PES
in 22e6on@t@8d BGhe PliralHTE Fadtb S RtapoMPRRAR ARBmud vallRWithel N
the input chromatogram the systens and nmet hods of the

peafr Brwamegramvnduledirthep erpprissniastictionrafopidantifying a coradinptes t

. honogengus I esent ation, and,th n [

in QBRI RO 2 b FYERAR ARG nbfhoet 1°
datdpRIROT) usirstafapsier iadingfaxifel Wlue it Wiirdd peakay gRume or

- chromat ograns or twg honpbgenous, sequences), are )
mogg pegkea fhedirstjraes andiBlp ﬁree?n%@&@ﬁomhlgﬂﬂn%ﬁ@%%w ueina

. ¢ . .

sec i B LERL B h el sl d U TS R bl
furthenoeniptises insthnetivas for abipytting e repasentative of e fosteredytolamfirst

i ch pol ynorphi sns ¢ be detected in .heterozygous
o S EPERG A PR F Gl CASCee PRk i 8 SrBP BB P e
Pr eS@NanbtAMRHcOBE thORVEHNh FRovARR laicemBltel proglat HEXRE for
fields, such as, for exanple, polynorphism discovery
usc(in cgnjunetiongvish awempyter dystenl Thegmmpuien Riog@ByRIOfYCt

association an [ [ ' f ' .
corf R OB B, B PR 5| S SR S S
cmisdddédbbRin. The\gorpysilter ergedrh 3ishdnism pot@saZyigapts nidldt edid

aci d sequence chromatograns. System 10 pref%fably
chrmn@tpgra@iamg apapality of Rcss dde icpRPYsS program mechanisigy i

=V, [ L Lot ; di sk
confiRs At shift SO i bt outh o AR Al fr
outputiing (B fisppeakrfmin y ficsbtracedh thednihy nudeio neid ehmwomntogoinh &ra
28: ﬁ?sgstem menory 24, preferabl hi gh. speed dir
firs{ OliRHS APHRERDQUS TeRiFsAtiop SCCPRT P OICHG NS YR T BpPnd trace
in tEé’iﬁfyﬁt%hroEﬁaﬁ%ﬁH‘ﬁt a SR4pRint AREcARBPIEIR ] 48 fird P& BEsecond
i nctudi ng prograns and data | oaded from non-vol atile

outpit bemggengns teprgentatips: laspme gmbgdimentsethe sgognd peskl ude

read-onl [449) o a user .| .26,
coreR e BREPBIEPE Dorginfe e el RlGEEi s o
chrémato@dds ¥ehindAGvarlfh thiklayd sfinier ofidigioiasbfu firsti®ivdpoint

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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optionally, a network interface card 39 for connecting
to any wired or wreless comrunication network and/ or
to a sequencer (not shown); and an internal bus 34
for interconnecting the aforenenti oned el enments of
BRINE DESURIPTIONORTHEDRAVERNGSM 10 is controlled
primarily by operating system 40, which is executed
by central processing unit 22. Operating system 40 can

I
ekt Ul 5B ool B BtBone 0 g
mmayagaauﬂﬁnud&chadsgﬁﬁﬁﬁmﬁdngnnao@mmwmdmmmgmﬁﬂmﬁﬂﬁmﬁmof
h he varlous files and data structures used by the
eBF@ fvef#ffenti on; and Split trace main nodule 44 for
spllttlng a heterozygous i nput chromatogram 46 into
two_honpbzygous out put representations (e. g :
chr bt 88rAnillugipate ﬁﬁfwgﬁ@@ﬁxtﬁﬁﬁ@@ing)an Sharadterizingc e
4 hr ogr.am 46 d
het%%#;’%{)ﬁgfq{f m‘fcleﬁc adi 9&?}%@1}0&3 selﬁ %ﬁosc’)%rgg%er %he e etmbgﬁgnent of
the pesgnt inveltioarat ogr ans 52A and 52B) using novel nethods
of the present invention. In general, DNA fragnments
are labeled with fluorescent dye, and the four
A1 116§ Dlustiths 800 LefDoOd s doADHEeE tha ek Brelidhn id LS N!
dyes. These | abel ragnents are passe rough
withhonsaguiiodament ofthe present inyemtemcent detector reads the
fluorescent signal along the capillary for each
fluorescent dye: at each tine coordinate along the

capiG, 2illstratbednanit chroRRtdgPih ali fWctikempblaly MRAGRRARR!

signal reads, each read corresponding to one of the
repl?%@ﬂ%@@ﬁﬁ&@f@f%lb@eﬁdﬂm@ the i chrpmptegramcysing: the
] our arrays of fluorescent signal reads
oftl-f%%rés% ;ig&lﬁo{lre 13 trace 1 (48-1), trace 2 (48-2),
trace 3 (48-3), and trace 4 (48-4), where each trace

uni.que represents one of the four possible
Jﬁéolé ﬁ@é@ﬂp tes 70 rRVE PhTRMatORTA 41, two eyqralany Bomggenpse) |
repk@eﬂtit%n@ﬂ‘fﬁﬂﬁ‘é Sestbd bsbdgioh A8t Bhibirdtogram Sitlg the methb@Ce
mai n nodul e 44 includes a nunber of Subrouti nes

of the ptsamtiivestion. These subnodul es i ncl ude scan trace
nodul e 56, which scans each of traces 48-1, 48-2,

peaEfgsgﬁg‘Fng’suaﬁ & det e 3hqt1?r}§ agKSf?pgggElgﬂf RS and

vaﬂdﬁ&lﬂ&bd@s&m@bﬂbﬁélows ﬁma&ieéa@@@hﬁtts&s@nd an intensity
val ue for each such datapoint. Each trace typically

consi sts of several thousand datapoints. For each

tr ther correspondi n us dat a
st r 1B Pt i SRt SER G e pRANFES o PRk RpieRt
bar ephadgs ai ex'oﬁ, atnb ¢helshéx€ BoriZoR1AN 18%S ARSIt indicstebéhomic
structure. l[it-trace main nodul e 44 further includes
W@ﬁﬂﬁ%“@@ﬂbﬁp nlidiggonr outi ne 62 for (i) eval uating
the quality of the four traces in input chromatogram
46, (ii) marking the initial datapoint in these traces
t hatikelefeatnes nurhérals séfartd cartespaiafipats thralg@heut tardvdrali | )

. narE%n the final datapoint in these traces that
vie ¥1185-end of acceptable data. Split-trace main

nodul e 44 further includes profile routine nodule 64
DETAILERDESGRIPRION OFRTHHENNENTIONe for peaks in each
scan. Such profiles are used, for exanple, to

r econst (COMPUEPERPROGRAM LIVPAING APFFNDIX

A Computer Program Listing has been appended as pages 37 to 66 in the
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doubl e peaks that are m ssing due to overlap with
nei ghbori ng peaks. Split-trace main nodule 44 further
i ncl udes cal c_avg_background _peak routine 66 for
cal cul ati ng the average background in input traces 48
pregent aplicatipn. Thewize @;ﬂm ompiierifregrarg Listing Appéndizh gheslate of
S t (
cred iR AR At R REIRS (LRSI L RSy o 1bte 1.

ﬂlem&bhﬁﬂiefﬁw irsiptést i;slpﬁﬁrldbdhe&ﬂﬁrﬁﬂ!é@@ ColuniB o ait thrset ogr am
into two out put hormzag ous representations (e.g.,

reSWIWﬁf@gﬁseﬁ@esiz and ims pgfile greation pide thefewrthgofymm
nt of the present invention, will be
B escrilhg%mgp?ﬁgﬁgeenbodl ment of the present invention,
the steps depicted in Fig. 2 are perforned by
split- trace mai n nodul e 44 in conjunction with various

Slz‘?:an be read Pﬁ'@ﬁfany sequeﬂ"@é‘? that usesFﬂlémame
different co es or fl t tags to
di sti ngui sh et\/\(ggn t he fogfé%gg(g?bl e bases. Exenplary

46000quencers i ms1400 but ar ¢0.2pm! i mited iSplirdve.c
sequencers listed in Table 2 below. 14 Table 2.

Bi o@%‘s DN%Bq?equ nﬁ%grg%pp Hlsé?%?g T%h ’iﬂ?i'glﬂ}ez er

mnﬁ%&"b?%‘fﬁéﬂahe%@*tfuﬁ% tﬁMeﬁllQ%e%gﬁfcb fpofRa ence in its
3100- Avant Ca ary DNA"sequenhcer '/ genotyper

enti®pi | | ary DNA Sequencer/ Genotype ABI PRI SM 377 DNA
Sequencer ABI 3700 DNA Sequencer Aner sham Pharnmaci a

oLoEReS s PR i e R A0 A7
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oo bR T B Rt ofond R Uen &0 O BRLOGAT S8, GBI S

fouMBindE&Sm patirodiitd@aa] thé )sterizland atethodd ofthe pReenp aivehtiunl ar
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- have wide applicability in several fields, such as, for example, polymorphism

discovery (e.g., single nucleotide polymorphism discovery), association analysis,
‘diagnostics, and forensics.
FIG. 1 shows a system 10 for detecting and characterizing polymorphisms in

heterozygous nucleic acid sequence chromatograms. System 10 preferably includes: a

¢ central processing unit 22;
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" 16 doubl e peak. Thus, when chromatogram 402 is read,
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of the valid peak range of a given trace by
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this nost common peak spacing can be created. This
profile is used in subsequent -processing steps to
ensure that single peaks reconstructed from doubl e
peaks do not deviate too nuch fromthe nodel profile.
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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
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peaks. Step 218. Process control passes to step 218
when a determnation is made that the overl apping
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are too crowded together. Thus, in order to. prevent
betwéeal GandiRsiinal peaksmasdisendadtin ogler bo perkktbe andof Valig peak
JadS crowded and are no |onger considered peaks. The
#htensities in such crowded regions are witten to
bot h out put honpbgenous representations (e.g.,

chromat ogranms 52A and_52B). Once crowded peaks have
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mogteommen perk peeike. Irsmmesmbgdimentsa ehsal isanedsdiorpapirs that a
peMat is selected for profiling is not overlapped with other peaks and that the peak

is not a double peak before it is used to profile a peak. That is, a peak is selected for
19 '




smal l er of the two peaks nust be | arger than sone

t hreshol d background | evel in order for the
over | appi ng peaks to be designated as overlapping. If
the snaller of the tmo peaks does not satisfy this

urr the peaks are |.ape
R R S B o S e e e
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108t edfor sarh detapeinhin thewaligrangeqgfcapainfor t he new

andi dat peaks in order to determ ne
102 ToPdgh Lc@&f

et her candld te oyerl appi ng peaks as

igg?omded peaks f%gg%)t %%13 gmoed seudo

ver | appi ng (peaks“8 pﬁ@tl SP%H %XWBP%%M

requi rements) or & P%B%i

successi ve i nst anc&8reIpoadiag pg%en@epﬂwe acetip larger,

coor di nat es of oveﬁﬂépgﬂﬁ@oﬂ@ﬁ%@ﬁﬁﬁbMMmendCOWﬁ

chr omat ogr am 46 i n aad knon@went thecmmber pealy e i qognifyom

one end of the chrematogramto the other, until al

valid datapoints have been tested. However, the

pr esent |nvent|on is not limted to such an approach
andiln fact any approach to obtalnlng over | appi ng

10? &E%é ﬁ‘ackgro%lﬂﬁ St ﬁhé ﬁtﬁ{l@e@% eakg Pﬁt{ﬁﬁﬁtﬂ%gl% {@an be

or a por

ovePF ﬁ@% s are tested mnth steps 216 t hrough
. 234. Step 236. Once all candldate over | appi ng peaks
Est@lﬁaw%ﬁe aig%ﬁﬁhﬁ%o@l@s BBy ARIRSG that h&%ct%@n lddeled
overlapping (234-Yes),” a nemr rough i nput 24

TRMEE r&iltﬁoﬂrls rﬁlﬂeﬁKl @Ebms‘tm méoahone Gme 10@ andit@2)r When such a

daipsinl fiso B0 diab S B0t ARG o1 Bhoes 98 ke A L SR ef o
the¥orreSyRidimRRak th 8RHI0TMd@mAiniddeace OIfdhRbed iRt has a

- deletion or insertion begins in one of the two

valph thatisdessehan that efanemns the cosespandingineaks; hensswpntien igmade

e PR oo P A 580 BB B0 Bin s
(lineordeyl  Besoepins)dineitouhél tekt datapoirt sRB0Hivet vihicofhiBsie s

were properly aligned. This situation is illustrated

thﬂiﬂrﬁhfFYfé“e of a qofrespepding pegk mytinkied Withappear s at
MIRC PR A B ﬂ@ﬁKORAﬁ{?ﬁmh(ﬁj@rvp&ggous nucl ei ¢ aci d that
us,

|s- el ng sequences rom coordi nate 166 on,
- there are nunerous peaks in the input chronatogram
. (box 508). In step, 23 apoint_
teateda@ogttﬁe(e@eeﬁpsﬁ@lngw@tq@e £ ﬁaqeesb@hpﬂi}mg{-ﬁgf
- step 238. Step 238. Step 238 checks to make sure that
the coordinate identified in the |I|ast instance of
whetedd[I2 IBVERLAR _ iRATHR is thé muhmgmnmtmg:et}#cearthe MSEMUnoN

0 del etion.in one re
* valprs G &ers%lanmﬁep Nb‘%‘r&%{ R PEIeE (a1 d@i&aﬁﬁrt&m ppgks to
be Bﬁﬁ'la B?&‘ed % teltasdWR&8 Bhe bf‘ﬂt@ INehle s nied€ly background

|nser |on/d tion check I's acconplished usihg two
andiihi fothree peakt is shesbase mignhke Thisewe embedimentsddteer mi nation is

' u er of that re [
- MG OVEAP Ak RATIG T 0B 3R ming MR Pt e P AlRIn "

- pedkd &n inpRtEhréMEQERIY 86 &Heftﬁan begéadt abhvatlaphifig eabé Salkire
(dat apoi nt) i Selected in the last instance of step
236 exceeds a threshold nugber peaks If so (238-Yes),
process : .




control passes to step 240 where each peak that
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the common peak profile. In preferred enbodi nents, MAX
PEAK ERROR is 0.1. In sonme enbodi nents,

MAX- PEAK- ERROR ranges between 0.01 to 0.4. Thus, step
246 has the effect of correcting overl appi ng peaks in

traces 48 by ensuring that their 26 profiles_do not
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in the chromat ogram 402 corresponding to the input
sequence. In such instances, the nethods of the
present invention will output one of the two possible
honbzygous representations of the heterozygous input:
(1) ACGITTC and ACCTTAC, or (11) ACCTTAC and ACGITAC.
fiverpeakshbetween fise pedke asq/mlemaksanmrev@ah teahspeaks, th;sqom et
i.nvention are not designed to determne the "true"
@Shuence of the heterozygous sanple which, in the
exanpl e presented above, is sequence pair (1).
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standard genetic analysis. Exenplary traits of
4 nterests are described belowin the section entitled
" X SFHRE YUl (ff'ﬂ!iestwo dverla @gﬁ% g@ﬂs‘?@ﬁ& ¢ldah 388 témplete (220-No)
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construction of a genetic map for a species under
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(Soller et al., 1976, Theor. Appl. Genet. 47:35-39) or
i nterval nethods (Lander and Botstein, 1989, Genetics
121:185-199). Markers that can be used in such maps
i nclude, but are not limted to, single nucleotide
g% nmor phi sns,_ restriction fragnment
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invention illustrated in Fig. 6 provides nethods for
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present invention, the trait of interest is a conplex
trait, such as a disease, e.g.,.a n di sease.
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exanpl e, reference was made to an input chromat ogram
46 that includes a trace for each of the four
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Family studies have clearly demonstrated a heritable predisposition to many
common human diseases such as asthma, autism, schizophrenia, multiple sclerosis,
systemic lupus erythematosus, and type I and type II diabetes mellitus. For a review,
see Risch (2000) Nature 405:847-56. . Over the last 20 years, causative genetic
* mutations for a number of highly penetrant, single gene (Mendelian) disorders such as
cystic fibrosis, Huntington’s disease and Duchene muscular dystrophy have been
identified by linkage analysis and positional cloning in human populations. These
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* if identified as overlap peak, mark related 2 status

at the position as TRACE STATUS OVERLAP PEAK * |f

over | apped peak splitted, mark as TRACE

STATUS OVERLAP_PEAK SPLI TTED const i nt

TRACE- STATUS- HI NG O; con toi nt STATUS- PEAK =
sugeesygs e p latryaly e % thege Is@HORE | nt

as;% STATUS VA N P%mﬁw ‘Hl% ‘33? £ %r%f?slt(%é' o) gnd

onervgl neorel phyysical eharatteristiks exhiljeed*by thosmeties (rthenetiot). IHADHS
PEAK =_5 * used t he crowd. eak
xR, e e e B R LERos Yriahs Ao vith

%ﬁbﬂﬁﬁ%%mt@&?dlkéb@eﬂﬁ% én%?ai‘%n §hlARP FRK a Févidw, see Lander
ighore Tirst/last 100 data points const int

et RIGKII) Britnee 2G5E2032-480 Gmeummts associpsechwish suﬁsqﬁdnllﬂatto
suﬁssttss?fosgﬁ}lfdc%&%@g e%éaqg silgl?] gs(ebrg%n cartlz%ell' {B]iéﬁpsl and J%? colon
cafieEE DB hERMNYE O R G e XA da EMEAPEYYRD Typd 1T diabets\QUOD Y-

around hal f of l'evel one */ const int

1, B AK) Ipere bren Nentdiedy trrsamsiedsyin someinstapees) multiplor e
ch;bﬁﬁ%n%{rﬁa?r%e%i’o%g #gaé ;8‘34@ by L& tggast[rdl{ %{d’el by SR RRET iPstep

60 GDREhSTAIREe Pé‘g%s%%ﬁei @nalyZed dog\arentln orheividdaliyasks
fromend const int | GNORE- END- PEAK-NUM = 10; /*

thesubseannirakesyng sers dysiratedimnliis. @onst int M N PEAK

! eaor iehRids of dHHSR WP OB itked B g QftdRogy, soc: Risoh
(2000 INanre ge5R4 546, Jpmidat et\ahl(mwtt)@qwncehlﬁlrﬂowgs Nadeau arlt
- PEAK- END- VALUE = 50: [* | 0 pe
Frifikah 2000 iy 5{‘?@;5@@5;30&1 s b of oo P GrmbeRiRe 77,
LusQt al. 1990, MeiiRyd9: BET0 Faky SRAC 99 Uaktids101:47-58, Olson et
M N- PEAK-SPACE = 10; 37 Splttrade.c’/* nmaxi num al I owed

al. 01399, St ylede B 293 1, Scborket by EI98hamggEIG 141266-42, Haines

t MAX. OVERL AP- PEAK- P.=3:./* 1 nJ || d
ang| Perei %}s"?ﬁ?ﬁe’p@gﬁw 63 Iy Gt dabming, i CRRRE EipAp D asiss
Wﬂ%ﬂs@ Iric.0-

Step 604. Once a loci that may be linked to a trait under study has been
identified, a cohort population is assembled. Ideally, the cohort population includes
members that differentially exhibit the trait under study. For example, if the trait

“under study is breast cancer, a typical cohort population will include females that have
breast cancer and females that do not have breast cancer. In Cheng et al., 1999,
Genome Res 9:936-949, a composite cohort of 142 unrelated Caucasians for whom
angiograms had been quantitated and scored by the Gensini method (Gensini, 1975,
Coronary arteriography, Futura Publishing Co., New York, NY) was used. These
scores were used to subdivide the cohort into quintiles that represented differing

severities of coronary arterial occlusion.

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

in each member of the cohort population in order o yield a plurality of DNA
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/* mninmm all owed overl appi ng peak rati o when snaller
peak is a clean and conplete peak*/ const float MN
OVERLAP COWLETE PEAK RATIO = 0.4; /* maxi mum al | owed
error for each data point conpared to common peak
profile, should never over 0.2 */ const float MAX

seqeRResEHRERE igptapces, %@omﬁmgm@@rwabr%ﬂéé@%b&@d

sl g ROl W s 6 MR BB gl 10 EAGE NeduOAga

Sche78: §150+e8chr wingfaDNAdsOltin e, goahk Paredere BN AdxslathaxKit,

Gﬁ%ﬁf& i m n%ﬁ@@hom dh%@\%@) W%ﬁ@ﬁ peplifies ¢ipepsipers

smeﬁc tc{ the Eé 1% biYePioht AR 11e°d ﬁ%t%fé Suqa ﬁ%—ép (ﬁ)l%%i{e

e are rmr et FRESHOL
segxmkeﬂ usmhg a sdyusecepeakh ad axiy dne of therseiidneets sclosed in Table 2,

S Us- PEAK THRES
abavey. Sipp g@g ¢ GetHon SR AP 6r IVA feaiendcs A
se dencé reg I@:ﬂlﬁig_ltﬁé 84850 of BorRQOARN DN RIch®fied ih s&REER fidhh a

' ECK-"PEAK- W NDOW = 50;: const fl oat TRACE
mmu’mwnbermén@mohoﬁ popwistion./ I snmth@e avherd multipld regigesiof

ey SPat i ke e St G Sl T o il oS ki

medatsdt OF fHedhort populitich, BR&keqvieddéForl @8h of hirRedibhy i@bAlfied in
VALUE tinmes B GROUND- PEAK- FACTOR _const_ T oat
step ROR GRaxiNpIch Eﬂm@enmﬁ@wrﬁsemd by anugleipagid demagggean 46 that
£ /* common peak spacing, as gl obal
1s%éﬁ%ra?{ﬁbf§@ % "background_peak value = 0; int
backgr ound- peak count = 0; int total peak count = 0O;

/************************** ST

* x % StepO08x xbhe-sequencing of ﬂw«plurphty%%rcgamaé%rg% genergted by

R B e BT AT s

1111fsu'ated)1mﬁ;(g 6 wheﬂlkﬁmlenuﬂﬂﬂlm’ase-callmg sdbiddiabd I uséd heegtence such

seq%%ggqs} %%pcul %e%/‘%l}?a bAY gw%& ﬂﬁ{%if@elé 71(:_1;1 llsnl’i nzygou;
ﬁ@%ﬁ{rexﬁiohhf&se—w@ﬂ SofPWAre, &%h bofdt ofidistelydosity BN
el"enent Si ze; [* The size of each elenent.”” I nt

chopafgzare 46snust be Visoallyuimipsctadfto séewhioh $wo 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

chromato grams 52 can then be sequenced using conventional base-calling software in

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

Step 610. In one embodiment of step 610, all or a portion of the datapoints in
output chromatograms 54 are analyzed for single nucleotide polymorphisms (SNPs).
A single nucleotide polymorphism (SNP) arises when there are different alleles at a
given datapoint. For example, consider the case in which a given locus in ten
‘members of the cohort population is sequenced. Consider a locus including datapoint
- 90, corresponding to a given base in the cohort population. If the base at position 50

varies in the ten sequences corresponding fo the ten members of the population,
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int recordLength; /* The |ength of the whole record.
int dataOffset; /* The offset fromthe 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; /*

pogitign P ys defingdas 3 SBFs Fop exavap! fm@tﬁm@ﬁ@végquﬂewgwd,m of
ook i (Ao bG8 Vi o8 i bAsc e ent & ome

paterimbdated'scquesbarfor 4 tota b twerty sdyoetces. Khmore thamhome tautleic
ac%rqg %e‘éiqspﬁtgé ?tg)(tlsglon Efsqqi?lrtﬁe twem 81’3 hstoeavflcnc’pﬁ tstlt]e?};cgﬁ'tﬂnzi’s (cc;/n%%d%red
to ﬁﬁQ SiPS hRL Bme% Hlmellts ¥ Alote ﬁg RAritdritnGs {lééa'é the'nﬁilor allele

ort *, int Int gét cm _Spacing (Int
st bé prtesent in nmre*t,hen nhe di}the wn;udnd:e:m Thus; mdqnelak lrmr@flgllde

cngenop ﬁtresaﬁ hi?iﬁ%h.lﬁﬁ If Pﬁé? 28 sgc{u:q{l;es 09€$ fpt @3?@{'}‘? %Hdel % %or

adQﬁ‘J@iﬁg Wn&%&oﬁblﬂ&eﬁ a SNP ﬁowév’éi- a ‘resuliih whmli 18 of the
short *, short *, short *, short *,); voi d

sequon¢es codetu (glumune and A pode, for adenoging mouldrhe consiflgrgdn SNP.
int, short rt * * o ashort Short; *

Hegg, gpgaing i5,the Eﬁ%wﬂﬁle}aﬂd diSfibe © fsehy lﬂc%?{oa#l?le* 1R 5y othgr

embBdinRARK theindidof Sl mustbe ih Bt e @bdwdEvRPRICet dffthe DNA Nt
* int. *, int *, int short short *, short _*, short

| samples ey havgdreen pesiignsegratfeast shoutitepogreentefdhe DNA samples that
ha%en&e'en tsécﬂl%hcedt, atl@ﬁs)t a?ov.ﬁ ?fﬁée@é;?en\f Aehfl I@ﬁﬁ%aﬁﬁ[&g Shakt e

bedrf*s’éﬁﬁéﬁbéd ot HidrS tHah abbit ety peldbhNo HLNDNAObdmples that have
R R R L R L] mai n(l nt argc, char *

beeé’rsﬁﬁﬁr?e‘i- FILE *inABI; FILE *outl.ABlI; FILE
*out 2ABI ; FI LE *out XL; struct abi data abi dataline;
char *fil ename, *token,*file start, *file end, *FlLE]1,
*FI SE@ 612Xkt bsociation okexegion| qﬂchiteg{cbspmai BNA desusp#ith a

LE | an t.of f set rrentpos;, char. sir]5];
taif i iyl e g Sted St et it Bapliyod Wit g
assb&i@e8 witaHe trBit. 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 et 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 D115911 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 Stepheﬁs etal. 2001, Am. J. Hum. Genet. 68:978-89, Liu
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short *tracela, *trace2a, *trace3a, *traceda; [*

nodi fied set A short *tracelb, *trace2b, *trace3b,
*tracedb; /* nodified set Bint *tl|lstatus, *t2status,
*t3status, *tdstatus; /* status for each data point

of trace */ /* int cnrm peak space; commobn peak spaci ng
etal., ZOQiaGenoquepelaldﬂbﬁdfiM eﬁbas@asmabué% &xelet. 30:97-

101 2h gaon ol B e g tigmsh e e gyt

hapf&ylﬁ cﬁﬁ‘ast&uctﬁh'usiﬁ lafk: ectaHSA@Eaxun&ﬂiﬂ;ﬂ &t Ee@@sﬁlh ktenaivel' ) ;
exit (C STRLE —strlen% ?-Ié}

algrhm &@IEQ@EN@FIPF&A‘EQS Bes. 3052131} enane | engt h
is : %", STR LENGTH); filename = (char *)mal | oc( STR
LENGTH * si zeof (char)); strcpy(filenane, argv[l]); 39

Spl | Exepaptarg tidits ( As dABhssed figignkd ethbodinent ofnle prpsent
o en Abi file: %

NULL) [ err: (;oul d ot
m\re,gtxpﬁ 'lﬁ‘f @gé?‘n%)g 6 peged Eayetha ds; P{ “S\S%Ptm ABIVyI}haFmt

- exhitFRELFRHE or MoAEALAANAY tna At drganiShe ofd spoifs (Ve. o

sif@)d species). flf'SERR instdrses, therlotusdna Abe drid ieis associated with the

“%%Lé&%ﬁﬁgane%%?‘f@ﬁﬁ&‘)%t geﬁqtﬁipteasgchﬁtés %{13,9 MRl 1a2C(

f )
PO O G ORI e bR

presemanmhar the tmaitlof U(tSERLEENGﬁHpEEs ﬁ:mtotﬁ(Ch laaa Yisease, e.g., a

R Tt BN SUAR O, . e

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 sjmdrome, 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.

A 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 bieb nevus syndrome, canavan disease,
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token = strtok(filename,"."); strcpy(filestart,

token); printf(" Token is : 9%\n", token); token =

strtok(NULL,"."); strcpy(file end, token); printf("

Token is : 9%\n", token); printf(" Filesstart is %

Fileend is %" flle start, file end); strcpy(FILE1,
Cii dp ghajtszpdrpme, gtsﬁg ﬁbr(qSJ,sLEgrcumas diyease, fanconi anemia,

ftghAySRlebe it R, Pt L vnprghley BheliBremipyaanphs

didease), hems&lfréﬁhh(oﬁis Llﬁin(f 18, Eﬁlﬁ'bmgtﬂi k Giskdse, HE:lld-.rESmdhﬁme
%", FI LE2) éff@ ut | ABI = FILEL, "
m@ph%ﬁlaa Mlee syndrgine é@@sm&ang@r@ed@n syndrome,

ﬁfg FI LE2,

10%&%@5&“5\]{%9 pri A e‘g)?viaéj 5 érg’ﬁlllﬁét @l%ms Sp;en ‘%ﬂé file

miépolysacehariddsisinpsk xail pgtelia sy}ndrcmher apphragdrid, djabkiek ensipidus,
tart); t ( XL

negfé’%r@ﬁ%% HE 12131/1@911} lclR%‘ﬁﬁieL?StfogeB?ﬁl%‘ln?Reréﬂa’ PEBITi Ripder-

i R O -

rulvnmtbm(thﬁa ciidmmB| $a)r{ﬁhppeyjfndmmgeﬁlm(apmal yyndrome, sickle cell

'dxse 'E tfh(I\I/IQgAe%llg gyimdrdp %&kﬁé §yn tolm'%Bll'zijr-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/
arteriosdlerosis, congenital heart disease, endocarditis, high cholesterbl, hypertension,
long gt syndrome, mitral valve prolapse, postural orthostatic tachycardia syndrome,

and thrombosis.

Example 3. The methods of the present invention were tested by using the
software program in the Computer Program Listing Appendix to perform SNP
discovery and genotyping of the human gene HRMT1L3 (NCBI accession number
NM_019854; Strausberg ef al., 2002, Proc. Natl. Acad. Sci. U.S.A. 99:16899-903)
using genomic DNA samples from 32 Europeans. 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 réactions were performed on each of the 32 European
genomic DNA samples, ahd 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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} } fputc(keyl,out2ABl); /* read and display file */
fseek(inABIl, O SEEKSET ); if(!feof(inABl)) {
fread(&str, si zeof (char), 4, inABl); printf("str is
%\n",str); } fseek(inABI, 18, SEEKSET) fread(&num
S|zeof(long) 1, inABIl); rintf("int is %\n", num;
corxw@n(lalmsmu@s sefiwmace SET) os Sequencher €aenerGasies §etp0rat10n Ann

Arf%nz @rgmﬂlggtg% ’Tfr%ceéli%lﬁé%?jracel F’MsQ&enS, d?ﬁ{foﬁﬁ‘a), which can analyze

seﬁlfeﬁeé(ﬁmdi\yeﬁlahgﬁ Pﬂ&frﬁﬁan’ﬁ@’&  flndmic repivn(and graphically display
nunmy_ i ++ B’élm o ", 1) fread(&abldtalne

pogqnﬂéld?cw(lm?@ msqlb Vet sl take ﬁpmmn}nateibp' rerl(hoyg iRt ans o
exper?e%b%?{e | (E]lgn F)gg%%u &6 % Hét&%%)l/%u? Zvaa%fgrms from one primer pair,

idéntifp BNRS ahd ewdlededlizld mﬂﬁmanoxp rThﬂréibi‘é’Atdmll take at least 16 hours

for o%%xggt%%{c%‘%cﬁ%ggﬁm S 28 e all g}eﬁen%(k% Ssggjuences, or 1996.8 Kb of
sequeﬂgé d e s§ at f O&#@g&;ﬁas of thY pridbdnt 1r¥h#lon, as embodied in

dat al ne. current pos fteII(lnAB
thd ¢o(rmtutcrrpm§bmctabh)ls¢d1m tha&emlnutmﬂwgyam I:ls@):lg Appendix detailed

in To, G e el B Svtes 0 ol Ry A5V heferozygous
wa%@foﬁﬁ& ri1996.8 KB eqhchBe, indladiagh Eﬁﬁ% Eﬂéckmg, splitting

abi dat’al i ne. dat aCf f Set : tracel
hetgrdzlypexsaiavefaraisite bommoewﬁveior'rn% peré@m(lggu §NP)discovery and

co]lflff,cgg% %#&gf@ma@%aﬁgt{l ﬁ’g g«z‘ ﬁg% fv?e%} df?cl;zo%}é C%EII)the analyzed
nuélBicGiddeihcad)TEl ement s i nABI ) ;
.1 f(abidataline.tagNunber == 10)
Alternative Embodiments

The foregoing descriptions of specific embodiments of the present invention
are presented for purposes of illustration and description, and are not intended to be
exhaustive or to limit the invention to the precise forms disclosed. Many
modifications and variations are possible in view of the above teachings. For
example, reference was made to an input chromatogram 46 that includes a trace for
each of the four possible bases: adenine, guanine, cytosine and thymine. However,
the present invention is not limited to nucleic acid sequences having such bases. In
fact, any bases, including but not limited to any purine or pyrimidine derivatives, can
be used in the present invention so long as they are'differentially labeled with unique
fluorophores or other labeling reagents. For eﬁample, 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 et 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, J. Org.
‘Chem. 47:3623-28, Draper, 1984, Nucleic Acids Res. 12(2):989-1002, Draper 1986,
-Anal.. Biochem. 157(2):199, European Patent Application 063879, and PCT

Application No. PCT/US84/00279.
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E

{ nunELEMENTS[ 1] = abi datal i ne. nuntEl enents; el enent

SI ZE[ 1] = abi dataline.elenentSize; data OFFSET[I] --

abi datal i ne.dataO fset; trace2 = (short *)

mal | oc(abi dat al i ne. nunEl enents * sizeof (short));

fseek(inABI, abidataline.dataOfset, SEEK SET); 41

Splitrace.c inABl); fread(tracez2,

abi dataline.ele JEl ements , }

i f (abi dataline. {rggilp\leg%&s @ﬁé@ﬁﬁ?ké:{]ﬁu num ELEMENTS[ 2] =
abi dll edféremces it bereintase incetperatett 18kéli by reference in their

I T R NGk —
patEt bxoﬁaQé‘H@ bitalib RN =8 sdel RABP had (ndPidRgy (Rieidd thibe

fseeK(i nABI, abi datal’i ne. dataO fset, SEEK SET);
m¢q11eta'di(ed by cefBrenadinditst @Itlmtb f@l e cEes: e

abi dat al i.n nunEIene

1 (R R e o 4 drsrived oo besgplain the
pnﬁb%l\@ﬂfﬁieahvcntﬁhlaﬁ@ha btd&ﬁcz{l iRtTBR t6 theréﬁ Bie others

~ abi datal i ne. el enentSi ze; data FSET[ 3] =

skidltl @athmartrt@ bestrusibies Hetinvantige end vartoys gmbodiments with various

B RE R 8 S5 PO o R TR kded that e

scopeadtiid ihaanridn bahiedatdby the.fell@mapichimeand their equivalents.
abi dat al i ne. nuntl enents } fseek(inABI, current pos, SEEK
SET); } /* callfunctionto fill the other 2 Arrays.*/
tracela =(short*)mal | oc( nunELEVENTS[ O
*si zeof (short)); trace2a
=(short*) mal | oc( nunELEMENTS[.1 ] *si zeof (short));
trace3a =(short*)mal | oc( numELEMENTS]| 2]
*si zeof (short)); traceda
=(short*)mal | oc(nunELEMENTS[ 3] *si zeof (short));
tracel b =(short*)nmal |l oc(num ELEMENTS] 0]
*si zeof (short)); trace2b
=(short*)mal | oc(nunELEMENTS[ ] *si zeof (short));
trace3b =(short*) mal | oc( nunELENVENTS[ 2]
*si zeof (short));
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tracedb =(short*)mall oc(num ELEMENTS[ 3]

*sizeof (short)); fill traces (num ELEMENTS, tracel

trace2,trace3,trace4,tracel a,trace2a,trace3a, traceda,t

racel b, trace2b,trace3b, trace4b); ** * Added on

07/ 22/ 2003, Guochun Li adPlitkacg®i it trace happen here, 4

steps * step 1: scan traces, identify conplete and

cl ean peak * step 2: build conmon peak profile using
J+ 4% w5 RQAKS WM L «COINDA « poak » spacing« * step 3: identify
AllQMgﬁ&ﬁszagwaeaks * step 4: spkkit overlappi ng peaks

ROCHC ’ngd\‘ﬁié&*********************************************

kkkkkhkhkhkkhkhkhkkhkhkhkkhkikkkhkhk*k * 42 Spl |trace c /* St ep 1 */
Rutifor: v@logeui Adkdatdsk Puseat us: 0 ’nothing; 1 peak
Bugyshcdtion: ot her nunmber indicates peak spacing, * the
******** ******‘Lv{*hke*********‘k***** * k%

/ aex'i's start of peaﬁ**value stored in status
arrays tlstatus = (int *) malloc( nun ELEMENTS[ 0] *

sinciod 280LiCip) ) t2status = (int *) malloc(

2includAELEVENTS[ 1] * sizeof (int)); t3status = (int *)
mal | oc( numELEMENTS[ 2] * sizeot(int)); t4status =

/%% (A R+ g O €+ TUDMNEIL EVENT Sf 37+ ** + 512 80P (i At Y +*/

/* trascamrtuact ~( hUrmELENVENTS] Opr $t@GNORE-DATARN NDEX, peak space

* 1f notherd identgfaedisyark %aWFa%@Tg@MﬁTEE@\/E }{ g ,

* 1f deRERECHATAPENDIERS T tiPRc 6Pkt 23 (LAR T PTAT G AT PacE  nimfe®

and on
e i%g@%@i‘y%‘] e?lcgylo?E- TA | NDEX, Ef _3status);
« if Al 468C0K COZ"{T—% ﬁ]krel @%% % 1@ Ia DEP(S position as
tracE dradGLbvehAst 8k M detern1ne background peak val ue

* if Overldphe8Rakabgdlate avgk backgiceumrhmosadvertAp iFkak SPLITTED

«/  background-peak-count > 0 * { * if (

const packRpCBUSKhMTPealCTEONME= B; t ot al peak count * 0.1 * { *

const gy gTHEEKYFGUAFT ak _al ue /- background_ peak count; * .

const INtr TRACESTATHG O ﬂEQ%ﬁeak value =

oot %C%EH%WTQSGQK%?P tL et k Couq:the st r%') (J end of
walid b bt T S s b

const ln%n’%ngySTATUlS%% ItﬂAE{SI ﬁnd lL%S:E ﬂcﬂ&ngﬁg e:@enémgrpé%fk */

const iR@AKECE STATUS PSEUDO OVERLAP PEAK = 6; /* used to mark pseudo-
overlap peak, treated as peak */

*

* ok ok *

/* 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
/* should around half of level one */

const int PEAK DETERMINE CHECK WINDOW LEVEL TWO = 2;

4;

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

const int IGNORE START_PEAK NUM = 10;

/* ignore number of peaks from end */

ceonst int IGNORE END PEAK NUM = 10;

/* minimum peak value requirement */

const int MIN PEAK VALUE = 150;

/* maximum peak start point value requirement */
const int MAX PEARK START VALUE = 15;

/* maximum peak end point value requirement */
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 PERK SPACE = 10;
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mar k_val i d_peak_range (num ELEMENTS, tl status,
t2status, t3status, t4dstatus); /* step 2 */ /* scan
status arrays to determ ne the common peak spaci ng,
then build comon peak profile * using only peaks

wi th conmon peak spaci n§Pifasegeak space = get _cmm- peak
spaci ng (nunLELENENTS tlstatus, t2status, t3status,
t4status); printf ("common peak space is od\n"

/* maxﬁm—m%kweé%@g?ia pgltﬁl-pggﬁ Br ogﬂolugd ne(fEJ: Q:ﬁt_qgél) tm |4OCQ
const GINuDERK Eﬁmcea ghzeog(float)) build cim peak

/* miniduf 411@wéd e ELIEVENT Seat raced */t racez2, t race3, traced4,

const fllogt a{M¥SOVARZSPL HEBE, RAT3St-Atous); t 4st at us, cmm peak

/* minigrof i leved myepbmkispace) jratio gthep alliey peak dgl eullgpe and
complefpaprdfi‘dund peak */ cal cul ate avgmmbackground_peak (num
const fHpop sovﬁfﬂL%E’éﬁOHELE%E‘P%"tﬁéqu 3stdtius, = t4status i1
/% maxigan g ? AGCE2A, ff’Fa%at?ga 1PaReAH) Cor?p’ar?,iieﬁ SOy of 3k profile

should

const A;Eﬁ EgR({R _iglgntify overl apping peaks and split

/% maxil 51§ep ﬂriép@@& }:(e@.kl r&a'%gzgl\/%&d ta'lﬁ&yaﬁ UStwdedSt akdSz +/
const #1385t a@mmm@ap alrd®, RESE BT meaéx pepefile, cnmm peak space,

/* flad @QSEﬂwall be 1gnored difference between peak and the next next data
peint trace2a,trace3a,traceda,tracel b,trace2b,trace3b,trace4

* Shovd)i gxREitt Bhany F@s?( §L|NABPK_rﬁ}ﬁWELLEWEI\ITS el enent

dat a CEFSET, tr acel trace2a,trace3a, traceda);

anst eﬁ%l
CROWD._ E;I af do #@Ef trace+— \%Rr ace Kféggggrb]&ef%caéﬁbrsore than
tH§§e semuny ELEMENTSEL ES o f QF (1dath; sdar6s t@bmb [HeARs

* pea s

ny pj+H){ fprintf(outXL," %\t %@\t %\t %@\t \T %@\
const. 13\ tr@)\ trM v IeESHOED Fagel |, *trace2, *trace3, *trace4,
/* pardhbletaatibs] tht Esteanlis; iﬂiﬂ&t:élti:ﬁghhtmsv atus);
/* widrnopaiciadges; MapgeeZent smptbre34+; traced++; tlstatus++;
const INPSTRACHSSHEFT_ @%ﬁaﬁfé{immom"stf’&t us++; }
const ﬁieFBéQﬂg %l%%E T MAX PERCENT = 0.25

t

/* max peak w h allowed */

const int MAX ALLCOWED PEAK WIDTH = 30;

/* average background peak factor, a peak will be treated as background if
* its peak value less than MIN PEAK VALUE times BACKGROUND_ PEAK FACTOR */

const flecat BACKGRCUND PEAK FACTOR = 2.0;

/* GLOBAL VARIABLES */

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

int background peak_count = 0;

int tetal peak count = 0;

/************************** STRUCTURE ‘k‘k‘k*************************/

struct abkidata

{

char name[4]; /* Four ASCII character name, like "DATA" */

int tagNumber; /* Distinguishes fields with the same name for example:
DATAl, DATAZ, ... , DATAlZ */

short data type; /* Denotes the type of data 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 dataQifset; /* 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. */
}i
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fclose(outl ABl); fclose(out2ABl); fclose(inABl); [*
free all nmenory used */ free(tracel); free(trace2);
free(tracel3); free(traced4); free(tracela);
free(trace2a); free(trace3a); free(traceda);
free(tracel b); free(trRBEHESP:C free(trace3b); free
(tracedb) ; printf ("averge background peak value is

/******(%dyk*»Ok\&eﬂr*yﬂ*bngMqOI@%lﬁ-lelbﬁs %l t ot al peakS\ n"
x4 VP DAGKGFQuUR: peak- yal ue, backgr ound- peak- count,
void £i10t ebacpeakrCOto)xt 4, shdrical cumte -gvenage » packgr ourdort *,
short Ppeakort/ *vpoistdocal*¢uitatre avghbackgrauwnd peak (i nt
void wrmEpfilet (FME, * j.Abt *s2shpmit *# Bt fihort s, shwatt *# tshort *
short @hort *t2, short *t3, §hort *t4 ) { int num
;’iidgz s Eng;' ‘rgt'(;h %&E n%t )el grrent pum - short
* ! *‘

void bquﬁ Zk éé%{ t J.nttI b Eog 4] the SL,atslﬂs T Spshgft *, int
£, int *nlf,%’i JQ’E lin tf pli'tface. ¢’ pt f

e P = ps [0] =sl; ps [1] = s2;
void cdSul#]e a-v@%ackcj}%u{l@]peaksﬁntfﬂr ibt = Ont i, <idk », 1) *{ short
*, shomURE|@ent'S[ bhore *num
void split trace(int *, int *, int *, int *, int *, fleat *, int, short *,
short *, short *, short *, short *, short *, shecrt *, short * ):
int is peak (short *, int *};
int peak size (short *};
int overlap peak ( int *, int *, int *, int *, int *, short *, short *, short
*, short *, int);
void reassign prefiled peak (short *, short *, int, float *, int);
void mark valid peak range (int *, int *, int *, int *, int *):

/*************************** MATN E‘UNCTION *-.Ir-k-k**-k********************/

main(int argc, char * argvi{])
{

FILE *inABI;

FILE *outlABI;

FILE *outZABI;

FILE *outXL;

struct abidata abidataline;

char *filename, *token,*file start, *file end, *FILEl, *FILEZ, *XLFILE;
int key,i,j,k,keyl,totallines, STR _LENGTH;

leng num, startoffset, currentpos;

char stri{5];

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

short “*tracela, *trace2a, *trace3a, *traceda; /* modified set A */

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

int *tlstatus, *tZ2status, *t3status, *tdstatus; /* status for each data
peint of trace */

/* int cmn_peak space; common peak spacing */
float * cmn peak profile; /* store common peak profile */

short element SIZE[4];
int num_ ELEMENTS[4];
int data OFFSET[4};

printf{ "ARGC IS %d\n", argc):;
if{ argc != 2}{
printf (" USAGE : splitrace filename");
exit (0);
}
STR_LENGTH = strlen( argvi{l])
STR LENGTH = STR_LENGTH + 5;
prlntf(" filename length is : %d",S3TR _LENGTH):
filename = (char *)malloc{ STR_LENGTH * sizeof(char});
strecpy(filename, argv([l]):
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numt+; } /* get m ninmum el ement nunber */ mn el ement
num = 99999999; for (i =0;i <4 ; i++) { if ( num
elements[i] < mn element num{ } mmn el enent num =
num el ements[i]; } /* scan status to calculate
background peak */ avgsﬁﬁﬁkﬁﬁbund peak value = 0;
background peak-count = 0; for (i = | GNORE- DATA- | NDEX;
16 ({inBslD PolEURAL, UM, L GNORE, éTﬁ'NDEX | ++) { for (
printT ( rJ E%u d Aot opgn AE lflhels I\A. “%” f£¥é5§&9 pt[j]
exik (bj; pstatus = ps ] i : /* ‘exam ned p03|t|on
shoul d be a peak */ if ( *pstatus ?= TRACE- STATUS- PEAK
} ) { continue; } /* if it's peak,.should conpare with
rest 3 traces for (k =0; k<3, k++) { if ( k==
f)eo{f(hft?f*ﬁﬁhue } for m = 0; m <= MAX- OVERLAP- PEAK- GAP
f‘phr[\‘/iﬂg( - _MAX OVERLAP PEAK GAP + m
?— 8y ﬁc?ttf Slie? c &Eﬁ@ﬁ PEAK GAP + m if ( *sp ==
sﬁﬁéﬁg.@g lgs REAK.ES (*tp * MN OVERLAP PEAK RATIO >
} *ptrace nelg bor is peak and bigger, so this is
background */ avg_background_peak_val ue += *ptrace;
if (sthaskgreurxkipeak =count ++; m = MAX OVERLAP- PEAK GAP * 2
priati("HRR outs foopt &1ﬁmﬂ;ﬁbeeak$n"}ﬁ$eﬁamemd of m | oop
exik/(0);
}

token = (char *)malloc{ STR LENGTH * sizeof{char});
file start = (char *)malloc( STR _LENGTH * sizeof(chaxr)):
file end = (char *)malloc{ STR_fENGTH * gizeof (char});
FILE]l = (char *)malloc{ STR LENGTH * sizeof(char)):;
FILEZ = (char *)malloc( STR LENGTH * sizeof (char));
XLFILE = (char *)malloc{ STR LENGTH * sizeof (char)):
token = strtok(filename,".");

strcpy(file start, token);

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

token = strtok (NULL,".");

strepy(file end, token);

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

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

strepy (FILEL, file start):

strcat(FILEl,"_a."T;

strcat (FILEl, file end);

printf{ " FILEl is : %s",FILEl);

strcpy(FILEZ, file start);

strcat (FILEZ,"™ b.");

strcat (FILEZ, file end);

printf( " FILE2 is : %s",FILEZ2);

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

}

if (({out2ABI = fopen{FILEZ2, "wb"™)) == NULL) {
printf{("ERR : could not open Abi file %s .\n\n",FILE2);
exit (0);

}

strcpy (XLFILE, file start);

streat {(XLFILE, ".x1s™);

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

I3
fseek(inABI,O,SEEKﬁSET Y
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} /* end of k loop */ } /* end of j loop */ } /* end
of I loop */ 45 Splitrace.c if ( background_ peak count
>0 { if ( background_peak_count <= 10 { avg
background peak value /= 10; avg background peak val ue
/ = backgr ound_peak_counfplitrag¢§ background peak val ue
/-(total -peak-count * 0.1);*/ } } /* identify overlap
whird@ak,r @RgkspLit if qualify */ void split_trace(int
keyINUMJRL ({rsky) i Nt *s2, int *s3, int *s4, float
if ('peof tihgg1y)ignt profile size, short *al, short *a2,
phot tkeyautshert; *a4, short *bl, short *b2, short
*pb3, short *b4 ) { int numelenents[4], i, j, mMm |
onenenryl makcABb ;swi t ch, val i d_peak_regi on, |
} voi d-overl ap-peak, |ast_ovl p_peak; short *ptal, *pta2,
*pta3, *ptad, *ptbl, *ptb2, *ptb3, *ptb4; int *psl,
/v R824 RBE 1a§p§ﬂé ipt all peak count; /* initialize */
tseed(Qhakd, 0=si#ix ke )4 5 1++) { numelenents[i] = *num
if (tfRdEeARY) Y * Tget m ni mum el ement nunber . mn el enent
{ num = 99999999; for (i =0;i <4 ; i++) { } if (
fread glsenerdigpe] (ckami.n4elie@mdnt;: num { } mmn el enent
nyant & "atmiel émerit 8f4)); /* scan status to identify
} overlapping peak */ /* valid peak _region = -1; */

fseek {inABI, 18, SEEK_SET);

fread{&num, sizecf(long), 1, inABTI);

printf ("int is %d\n",num};

fseek (inABI, 26, SEEK SET);
fread(&startoffset, sizeof({long), 1, inABI);
printf{"int is %1d\n",startoffset):

fseek (inABI, startoffset, SEEK SET);

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

{

printf ("%d , i)

fread(&abidataline, sizeof( struct abidata),l,inABI};
printf{"name is %s ",abidataline.name);

printf("sd ",abidataline.tagNumber);

printf{"$hd ",abidataline.data type);

printf ("%hd ",abidataline.elementSize);
printf ("%d ", abidataline.numkElements) ;
printf{m"%d ",abidataline.recordLength);
printf {("%d\n ", abidataline.dataOffset);

currentpos = ftell {inABI);

if{strcmp (abidataline.name, "DATA") == 0){
if{abidataline.tagNumber == 9)
{
num ELEMENTS (0] = abidataline.numElements;
element SIZE[Q] abidataline.elementSize;
data OFFSET([0] = abidataline.dataOffset;
tracel = (short *) malloc({abidataline.numElements * sizeof (short)):
fseek (inABI, abidataline.dataOffset,SEEK SET);
fread{tracel, abidataline.elementSize ,abidataline.numElements ,

inABI);
}

if(abidataline.tagNumber == 10)
{

num ELEMENTS[1] abidataline.numElements;

element STZE[1] abidataline.elementSize;

data OFFSET[1] = abidataline.dataOffset;

trace2 = {short *) malloc{abidataline.numElements * sizeof (short)):;
fseek (inABI, abidataline.dataOffset,SEEK SET);
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for (i =IGNORE DATA INDEX; i < mmn el enment num --

| GNORE- DATA- I NDEX; i ++) { ptal = al +i; pta2 = a2 +i;

pta3 = a3 +i; pta4 = a4 +i; ptbl = bl +i; ptb2 = b2

+i; ptb3 = b3 +i; ptb4d = b4 +i; psi = sl +i; ps2 = s2

+i; ps3 = s3 +i; ps4 = sip*l)tp@ceg@ Splltrace c /* only
process peak within valid peak region * if ( *psl ==
TRACE: ST ATL SV Al 2 PEAK. e femeN@dii-d %lﬁa{aqghgrhmlen{gnts ,

inaBD) FPrintf (" valid peak at %@\n",i); } /*if ( valid peak
reglon >0 ) I*{*- - if ( overlap peak(num
ellenments, psi, ps2, psi, ps4, ptal, pta2, pta3, pta4,

{1~ rlntf ("overla fi ng peak identified at

b%@?’f?ﬁiﬁ?l%ﬁ ﬁ'agNLi“)ber} N3 ﬁ) scan status to identify

pot entlﬁgﬁﬁyng Eéata B shli ok entlfled void all
overt aphi g, peaks b s
VO' oV eEFam peak. 'daEQE 0N P PaK: ;

GNOREDAT A-hNREX;) mélloc@&ﬁiﬁB@&MﬂﬁE nuﬂélements * sizeof (short));
vaI IfﬁieepﬁakAB’IeghMa%ahhe fora0€tsesx, BENOBE? DATA- | NDEX; |
< mirerddkemendt ahimnealiGACREmDATA 2k NDEXHa i at+)e {numAtements ,
E inABI) peak- count, ovl p-peak-count, pseudo_ovl p- peak-count,
ch}eck-vvi ndow count; psi =s | + i ;

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

I

inABI};
}

fseek {inABI, currentpos, SEEK_SET};
¥

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

tracela = (short *} malloc{ num ELEMENTS[Q0] * sizeof(short))
traceZa = (short *} mallcc{ num ELEMENTS[1] * sizeof(short))
trace3a = (short *) malloc{ num ELEMENTS[2] * sizeof(short))
traceda = (short *) malloc( num ELEMENTS([3] * sizeof(short));
tracelb = (short *) malloc( num ELEMENTS[0] * sizeof{short));
traceZb = (short *) malloc( num ELEMENTS[1] * sizeof{short});
trace3b = {short *) malloc( num ELEMENTS[2] * sizeof(short));
tracedb = {short *) malloc{ num ELEMENTS[3} * sizeof(short));

£ill traces(num ELEMENTS, tracel,
traceZ, trace3, traced, tracela, tracela, trace3a, traceda, tracelb, tracelb, trace3b,
tracedb);

/‘k'k'k**'k'k*'k'k**************************-k****-ir****-k****-k************************

* *

Added on 07/22/2003, Guochun Liao

split trace happen here, 4 steps

step 1: scan traces, identify complete and clean peak

step 2: build common peak profile using peaks with common peak spacing
step 3: identify overlapping peaks

step 4: split overlapping peaks

* ok ok ® ¥ *

AhkF A rhkd bk rTdb kb ddddhkhrhdrrhhkbdrhbdhhbhhbhbhhbbhbhbdhbhbhhhbhdhbhdhbhbhrbrbdrbhhbbhhbhkihbhbbbbhhkdri

*
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ps2 = s2 +i; psi =s3 +i; psd4d =s4+i; [* only
process peak within valid peak region if ( *psl ==
TRACE- STATUS- VALI D- PEAK val i d peak region *_ -1
printf ("valid peak at od\n" i); /* count rough base
pair position */ if ( B'sl,trfifi'eJc TRACE - STATUS- PEAK
*ps2 == TRACE STATUS PEAK 11 *ps3 = TRACE STATUS PEAK
«s 1] *ps4 == TRACE- STATUS-PEAK ) { } all peak count ++;
/* if ( all-peak-count == 227 ) { printf ("base 227 at
/* st@\n"x/1); } } /* void rest overlapping peak if
/* valokdireN et tleap 3 paakus s 0t nemhingf 1 pvoi dooaterhaprtpeakiufubef
indicatfes* pgik spacfRACE- STATUS- OVERLAP- PEAK ) { *psl =
* thpRg§§§xs¢§¥pgS Fq§qkloﬁ-peek*iﬁ§2uenstored in status arrays.

"/ TRACE- STATUS- QVERL AP- P é

tlStafﬁACE-%ﬁb Tl)JSm R A7 %@%T Q j ZE ? i”" s3 ==

t2st ( iz o% in P

t3statéi‘CE rny T Sm é éﬁim 2]p$ J.zeofg_l_

tastakiBA '(§I£\T*L)13mﬁ%l& dubn ﬁLé‘ﬁ@%ﬂsr}] ATUS OVERLAP
PEAK ) { *ps4 = TRACE- STATUS- PEAK; } else If ( *psl

scan *F¥adRACEN STATIUB sOVERIARCHREAKTA [INEPS 2 t zaxeFRACE tSTTWUS

scan_OVERE ARUPEARMINTS [ hs JGRAGRET RATE INDIST ATUS <QVERISAPRL REAK

scan #pgage SLaup RASEENSPATS IONVERL APT/PERREX + pejce=z TRAERS)

oo STATUSTPEAREYR S50 db JOTRACE STATUR PEACT'T TAe5 TRcE

/* de%erm ne E ckgrou cipeak VﬁBACE S;érgsbggﬁchzﬁfk_wondow
pea 'k -

x 50
/:zos(eyﬁéamp%k

/*

*

* if ( background peak count > total_peak count * 0.1 )
* o q

* avg_background peak value /= background peak_ count;
¥}

* else

* o

* avg background peak value = avg background peak value /

(total peak count * 0.1);
* o}
*

}

*
~

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

/* step 2 */
/* scan status arrays to determine the commen 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):; :
printf ("common peak space is %$d\n", cmn peak space);

cmn peak profile = (flocat *) malloc{ cmn_peak space * sizeof (float)};
build cmn peak profile (num ELEMENTS, tracel, traceZ2, trace3, traced,
tlstatus, t2status, t3status, tdstatus, cmn peak preofile, cmn peak space);

/* step 2.1 */

/* calculate background peak */

calculate avg background_peak (num_ ELEMENTS, tlstatus, t2status, t3status,
tdstatus, tracela, tracela,tracela,traceda);

/* step 3 and 4 */
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for (j =1; ] < mmn element num - | GNORE- DATA- | NDEX;

j++) { check wi ndow count ++; psi = sl + j; ps2 = s2
+j; ps3 =s3 +j; psd4d =s4 +j; if ( *psl ==

TRACE STATUS PEAK) { peak count ++; | if ( *psl ==
TRACE STATUS OVERLAP PERRIJACE-Cov| p peak count ++; }

if ( *psl == TRACE - STATUS- PSEUDO OVERLAP- PEAK pseudo

/* lc%\él:pfyp%@grl%EHMg ﬁétaks} ah<_f1 11PSRer=/TRACE_STATUS PEAK )
split] tPEAK-EQMREEMERTS] fribed t&tEE@QEt@'A'EU& MERLAR,
cmn_peEAG R 1§, omhggmakp_ﬁ@unt ++ } oif ( *ps2 ==
tracelaTRAﬁEQST@erSBPEEEWaOVERIEAP , RRAKZIpSecBbo v {repeak
count ++; - |f ( psS == TRACE STATUS PEAK ) { peak
count ++; == TRACE STATUSOVERLAP_PEAK ) {

' B8
wrlt @a & ME TS
stemen ﬁ}e:d %"‘:‘“ é% g%%ﬁ&%“o%%“%ék count ++;
FSET ATUS, REAK. 3y, trg&%zcount ++ )

element]

totallllnés up§ 'EIEJEME(EI]STATUS Q/ERLAP If)
ovl p_peak_ count ++; } if ( *ps4 == TRACE
for( S¥ATLjS<P&EIaIDGerERL+AP{ PEAK pseudo ovl p peak count ++;
} if ( (peak count + (ovlp_peak count +
fprpgeticdy Bl "p D‘EJ\,fal%dt“'Olfﬁf\z %/d\t \pd S SRRAGE\SHIFT" CHECK
*tracelpép$gqﬂ?htiaapy§ tFa eéch qﬁjomp%ﬁgaﬁTs,>_t35tatus, *tdstatus);
trafﬁ}ﬁ(fE SHI FT- CHECK- PEAK—WNDON cmm_peak _space ) {

tr?% §§!J< } yif (1.0 * (ovip peak count +

tragggudo ovl p_peak_count) / (2 peak-count + ovl p_peak
tls@@gug_kﬁ pseudo ovl p peak count) >=

t2stRAGE+SHl FT- MAX- PERCENT ) /* if ( peak count >
t3scheck-+wi ndow count / (cnm_peak space/2 + 2) (1 +
t4sTRAGE+SHI FT- MAX- PERCENT) ) */ { 48 Splitrace.c el se

Y} void overlap peak = 1;
fclose (outXL};

fclose(outlABI);
fclose (out2ABI);
felose (inABI) ;

/* free all memory used */
free(tracel);
free(tracel);
free(trace3};
free(traced);
free(tracela);
free{tracela);
free (trace3a);
. free{traceda);
free(tracelb);
free(trace2b);
free(trace3b);
free(tracedb);

printf ("averge background peak value is %d, over %d background peak, with
%d total peaks\n", avg background peak value, background peak count,
total peak count);
}

/* calculate average background peak */
void calculate avg background peak (int *num,int *sl, int *s2, int *s3, int
*s4, short *tl, short *tZ2, short *t3, short *t4 )
{
int num elements([4], i, j, k, m, min_element num;
short * pt[4], *ptrace, *tp;
int * ps[4], *pstatus, *sp;

/* initialize */
pt{0] = £1;
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{ psl =sl +i; ps2 =s2 +i; ps3 =s3 +i; ps4 =s4 +j; if
(*psl == TRACE - STATUS- OVERLAP- PEAK *ps2 == TRACE
STATUS OVERLAP PEAK |! *ps3 == TRACE STATUS OVERLAP
PEAK Il *ps4 == TRACE- STATUSOVERLAP- PEAK if ( i -
| ast _ovl p_peak > MAX- OVERHtIISESEAK- GAP &&
val i d- Peak-region > 0 { last _ovlp _peak ~ i; printf
pt[1( —oyer | appi ng peak identified around p05|t|on %,
pt[gﬁLOQﬁd base %@\n", i, all-peak-count); } ) } } } /*
pt3erdtof out for Ioop /* scan status and trace to split
psiclowesi;appi ng peak */ /* abswitch used to indicate
ps{llasssyn splitted peak to either set aif 1, or set b
psl2)j = s¥ */ abswitch = 1; valid peak_region = -1; for (i
ps[31==| &NORE- DATA- INDEX; i < nmn el ement num -
for (IG:d%E-DNA-lNSEx i++) { ptal = al +i; pta2 = a2 +i;
a - = a4 +i; ptbl = bl +i; ptb2 = b2
i%ﬁ*gk?bgéﬂl] +|, tb4 = b4 +i; psi = sl +i; ps2 = s2
b+ psS nm s3 +i; ps4 =s4 +i; [/* only process peak
within valid peak region if ( *psl ==
/* geFRAGEmST AlldSeMARlR: REAK
min element num = 999999%99;
for (i = 0; i < 4 ; i++)
{
if ( num elements{i] < min element num )
{
'min_element_num = num elements{i}:
}
}

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

for (m = 0; m <= MAX_OVERLAP_PEAK GAP * 2; mt+)
{

- 8p pslk] + 1 - MAX OVERLAP PEAK GAP + m;

tp = ptl[k] + i - MAX OVERLAP PEAK GAP + m;
if ( *sp == TRACEMSTATUSHPEAK && (*tp * MIN_OVERLAP PEAK RATIO)
> *ptrace )

/* neighbor is peak and bigger, so this is background */
avg background peak value += *ptrace;
background peak count ++;
m = MAX OVERLAP PERK GAP * 2 + 1; /* out loop */
k = 4;
break;
}
} /* end of m loop */
} /* end of k loop */
} /* end of j loop */
} /* end of 1 loop */
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{ valid peak region *= -1; /* printf ("valid peak at
%\n", i); } if ( valid_peak_region >0 { /* seperate
over |l appi ng peak */ /* current position nust be a
over | ap-peak position if ( *psl ==
TRACE- STATUS- OVERLAP- PERRIItIaFes)| i t r ace. ¢
reassign_profiled peak (ptal, ptbl, ab_swtch,
profile, profile size); /* switch ab switch ab

if ( PUekGLuhF pebic bdunkNdicqte split done */ *psl = TRACE

( STATUS OVERLAP PEAK SPLITTED; } if ( *ps2 == TRACE

STATUS YERIAPR RPEAK-ureassiign) profi |l ed peak (pta2,
ptb2, ab switch, profile, profile size); /* switch ab
SWIVH chRckfrovald magikt ghlue=/= 107/ * jndicate split done */
¥ps2 = TRACE STATUS OVERLAP PEAK SPLITTED;, if ( *ps3
LSSTRACE- STATUS- OVERLAP- PEAK { reassign_profiled _peak

tQJV ach Pc?{fn a§<le Qﬁ' b %E{( £ e%ﬁ(iéo ms_l_ zg)., I*
avg_baé(}glif&a @E%}%Mﬁ} F/Q;\ ﬁ%ﬁﬁ%@_ééﬁﬁ% 1 'mﬁﬁ cét% split

done */- T TA OVERLAP PEAK SPLI TTED; }
y if ( *ps4 =-= TRACE- STATUS- OVERLAP- PEAK = {
} reassi gn-profil ed-peak (pta4d4, ptb4, ab_sw tch,

~ profile, profile size); /* switch ab switch ab
/* idendhify ctyerap pealx appdirdat e fsprittifdoe */
void split trace{int *num,int *sl, int *s2, int *s3, int *s4, float *profile,
int profile size, short *al, short *aZ, short *a3, short *a4, short *bl,
short *b2, short *b3, short *b4 )
{

int num elements([4], i, j, min element num, ab switch, valid peak region,
void overlap peak, last ovlp peak;

short *ptal, *ptaZ, *ptal3, *ptad, *ptbl, *ptb2, *ptb3, *ptbi4;

int *psl, *ps2, *ps3, *ps4d;

int all peak count;

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

}

/* get minimum element number */
min_element_num = 9$9899999;
for (1 = 0; 1 < 4 ; i++}
{
if { num elements[i] < min element num )
{
min_element num = num elements(i];
}
}

/* scan status to identify overlapping peak */

/* valid peak region = -1; */

for (i = IGNORE DATA INDEX; i < min element num -~ IGNORE DATA INDEX;: i++)
{

ptal = al + i;
ptaz = a2 + i;
pta3 = a3 + 1i:
ptad = a4 + i;
ptbl = bl + i;
pth2 = b2 + i;
"ptb3 = b3 + i
pthd = bd + 1;
psl = s1 + i;
psZ = 52 + i;
ps3 = s3 + 1i;
psé = s4 + i;
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*ps4 = TRACE STATUS OVERLAP PEAK SPLITTED; } } } } /*
profile peak at given position, then reassign it to
one of two sets depending on the switch */ void
reassi gn_profiled _peak (short *a, short *b, int

abswi tch, float *profi Peltrasktc profile size) { float
*pprofile, max; int i, maxidx; short *pa, *pb,
profiled val ue, peak value, vdiff;./* init */ peak
MALHE, Trod@ss! pedelidmx pimavaldie L4:i0m profile, it
shoul d ial waysi be 18wz sstruoknvcaseserrax = -1; for (i =
O; | K profile size; i++) pprofile = profile +i; if
(* *ppr okiiepraargiorb®=Spl;itrace.c } { max =
*ppr of PrEntt fiselidxpeaki at pdpn™al) gn trace poi nter and

@pofiﬂe pointer, then profile */ for (i =0; i <
ofile_sjze;.i++) { rofile = profile +i; pa=a -
foidxli falﬁ%EEA%E?E%g§>igﬁ +/i : profiled val ue =

i_*prrcgfeirh.éep i eQ)@ﬁ’Jﬁm\/@_ll.eHl@_rlés, gi, /pfs2prpjs@1,: fp§(4l,: p@:aiﬁ’ E%fiaaz, p;bca3,

pta¢, i)S%, profiled value is % at pos % with profile

9“\n", *pa, *pb, profiled value, i, *pprofile); /* if
actualrivef usoverlappiowededy iperofifiet avapasd ttdn spfn'(, ipa */
k= profiled value * (1 + MAX-PEAK-ERROR) { if (

b abswitch > 0 {

/* scan status to identify potential in/del shift
* if shift identified, wvoid all overlapping peaks after the shift site
*/

void coverlap peak = 0;

last ovlp peak = IGNORE DATA INDEX;

all peak count = G;

valid peak region = -1;

for (i = IGNORE DATA INDEX; i < min element num - IGNORE DATA_INDEX; i++)

{

int peak count, ovlp peak count, pseudo_ovlp peak_count,

check window count;

*/

psl = sl + i;
ps2 = s2 + i;
ps3 = 83 + i;
psd = s4 + 1i;
/* only process peak within valid peak region */
if { *psl == TRACE STATUS VALID PERK )
{
valid peak region *= -1;

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

/* count rough base pair position */

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

*ps4 == TRACE STATUS PEAK )
{

all peak count ++;
/* if ( all_peak count == 227 ) { printf ("base 227 at %d\n", 1i); }

}

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

{
if { *psl == TRACE STATUS OVERLAP PEAK ) { *psl

TRACE STATUS PEAK;

if ( *ps2 == TRACE STATUS OVERLAP PEAK ) { *ps2 TRACE STATUS_PEAK;
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/| *keep a sane */ /*change b to 0 */ *pa = *pa * MAX

OVERLAP PEAK RESI ZE RATIQ *pb_ 0; - - - - } else {
/| *keep b sane /*change a to 0 *pa= 0; *pb= *pb * MAX
OVERLAP PEAK RESI ZE RATIO, } /* if fil d 1 i t lid */

pro e va ue s no va el sSPlitrargidf = *pa -

profiled-value; if ( abswitch >0 { /*keep a as

priof | Leds*/ frehanggdd bachhe ekl f (“Lods Rarmce status peac;
} profil ed-val ue * "MAX OVERLAP PEAK Rl S“%E RATI O *

vdief { ;+pipb= veidef sTaTus elesear {pEhkkegp+pssas poroki tedus/reak;

1
else if { *psl == TRACE STATUS OVERLAP PEAK ||

*ps2 == TRACE_STATUS_OVERLAP PEAK ||
*ps3 == TRACE_STATUS OVERLAP PEAK ||
*psd == TRACE STATUS OVERLAP PEAK ||
*psl == TRACE_STATUS PEAK ||
*ps2 == TRACE STATUS PEAK |}
*ps3 == TRACE_STATUS PEAK ||

)

*psd4d == TRACE STATUS PEAK

check window count = 0;
peak count = 0;
ovlp_peak_count = 0;
pseudc ovlp peak count = 0;
for {J = i; j < min_element num - IGNORE DATA INDEX; j++)
{

check window count ++;

psl = sl + 3;

ps2 = s2 + 3;

ps3 = s3 + 3;

psd = 54 + j;

if { *psl == TRACE STATUS PEAK } { peak count ++; }

if ( *psl == TRACE STATUS OVERLAP PEAK ) { ovlp peak 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 ) { ovlip peak count ++; }
if { *ps2 == TRACE STATUS PSEUDO OVERLAP PEAK ) {

pseudo_ovlp peak count ++; }
. if { *ps3 == TRACE STATUS PERK } { peak count ++; }
if ( *ps3 == TRACE_STATUS_OVERLAFP_PEAK ) { ovlp peak count ++; }
if ( *ps3 == TRACE_STATUS PSEUDC OVERLAP PEAK )} {
pseudo ovlp peak count ++; }

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

pseudc ovlp peak count ++; }

if ( {peak count + (ovlp peak count + pseudo ovlp peak count) /
2) >= TRACE_SHIFT_CHECK_ PEAK WINDOW )
/* if ( check window count >= TRACE SHIFT CHECK PEAK WINDOW *
cmn_peak space ) */
{
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 cocunt / (cmn peak space/2 + 2) *.
(1 + TRACE_SHIFT MAX PERCENT) ) */
{
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/*change a to the vdiff *pa - vdiff; *pb= profiled

val ue * MAX OVERLAP PEAK RESI ZE RATIO + vdiff; } } }

/* return 1 if overlapping peak identified, 0O
otherwise */ 51 Splitrace.c int overlap_ peak (i

*num int *sl, int *s2, SPWFWB§B int *s4, short *tI,
short *t2, short *t3, short *t4, int idx { short

pt[4&nd*&ﬂﬂlQ§%ﬁgk:p§ak2 peakl i idx, peakl j idx,
peak2 i Tdx, ‘peak2 jidx; - - - - -int *ps [ 4] ,
*@Pse i Nt peak count, i, J, k, ret, crowd_peak_count,

cr owd- peak- check- mﬁndomr float pratio; int num
el emeartlst AL +/*: initialize */ for (i =0; i <4 ; i++4)
{ nuﬁ%@leﬁ@nﬁs{q] = *num num++; } ps [0] = si; ps
[1] £3527 5% 2] =s3; ps [3] =s4 Pt [0] =tl;
pt [qu = Iﬁfl _;ﬂTRL é§$§V§§LA 33 t# peakl = 0;
peakf’—*ggz _L RACE EQVer- cromd peak
regi-on, ~gyoid FHcg y@gugn) ¥y GTaps Ng peak status to
TRACE STAJUS-CR@AD BaAKs *dvesrmdepeak- count = 0; crowd
peak icheck wi ndow = 2* MAX OVERLAP PEAK GAP+1; for (i
= 0; i i€ 4 r+4dst_ovlp_peak > MAX OVERLAP_PEAK GAP &&

valid peak region > 0 )

{
last _ovlp peak = i;
printf (Moverlapping peak identified around position %d,

around base %d\n"”, i, all peak count);

}

}
}
1
}
/* end of out for loop */

/* scan status and trace to split overlapping peak */
/* ab switch used to indicate assign splitted peak to either set & if 1, or

set b if =1 */
ab switch = 1;
valid peak region = -1;
. for (i = IGNORE DATA INDEX; i < min element num - IGNORE DATA INDEX; i++)

{

ptal = al + 1i;
pta2 = a2 + i;
pta3d = a3 + i;
ptad = a4 + i;
ptbl = bl + i;
ptbh2 = b2 + i;
ptb3 = b3 + i;
pths = b4 + i;
psl = sl + i;
ps2 = s2 + i;
ps3 = 83 + i;
psd4 = sd + i;

/* only process peak within valid peak region */
if { *psl == TRACE STATUS VALID PEAK ) :
{

valid peak _region *= -1;

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

if { valid peak region > 0 )
{
/* seperate overlapping peak */
/* current position must be a overlap-peak position */
if ( *psi == TRACE STATUS OVERLAP PERK )
A
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{ for (j = 0; j <= crowd-peak-check-Wndow, j++) { sp

= ps[i] +j; } if ( *sp == TRACE- STATUS- PEAK { } }

crowd peak count ++; } if ( cromd-peak-count >=

CROAD- PEAK- THRESHOLD for (j = 0; j <=

crowd_peak_check mnndomﬁPW¢¢?C { sp = ps[i] +j; if (

*sp == TRACE- STATUS- PEAK *sp =

TRA JS: P S rage pGUlfent

profllm,;%e%%% o1 peak et thon PPoy ety S

STATUS BEA%hlays&Zuir*TRACE STATUS PEAK II *S3 TRACE

STATUS PEAKh *s41TRACE- STATUS-PEAK { /* printf ("peak

identﬁfﬁeﬁxate%@Mnﬂ<bhde’ */ peak count = 0; for (i
0; ‘psk 7 ;TRRUELSTRTUS GYERLAP —PRAK] SRIITTED;

MAXL OVERLAP- PEAK- GAP *2: j++) sp = ps[i] - MAX OVERLAP

PEAK‘(QAP +_J ERLAP- PEAK- GAP + | ; é
i 500 F8B% =2 W&é%“ﬁﬁ%@%&%ﬂ/( peakl == 0 ) {
pea lreassfg%gp%@niﬁgdipeng p'ta?; pQSQ,klabJ_sdilq%h,alﬁ%oflle,

profile size);

/* switch ab switch */

ab switch *= -1;

/* indicate spiit done */

*ps2 = TRACE STATUS OVERLAP PEAK SPLITTED;

1

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 STATUS OVERLAP PEAKR _SPLITTED;

if { *ps4 == TRACE STATUS CVERLAP PEAK )
{
_ reassign profiled peak (ptad4, pth4, ab_switch, profile,
profile size);
/* switch ab switch */
ab _switch *= -1;
/* indicate split dene */
*psd4 = 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, flecat
*profile, int profile size)
{

float *pprofile, max:

int i, max idx;

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

/* init */
peak _value = *a;

/* get maximum value from profile, it should always be 100 just in case */
max = -1;
for (i = 0; 1 < profile size; i++)
{
pprofile = profile + i;
i1f { *pprofile > max )
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else id}if ( peak2 = 0 ) { peak2*tp; peak2_i_idxi; =

J_J; xelseif ( *tp > peakl ) pej; } if ( *tp >
peak2 ) { peakl = *tp; peakl i idx = i; peakl j _ idx =
el se count ++;{ peak2 = *tp; peak2_i _idx =i;

peak2 j idx =j; } peakSpliracep existing overlap peak
identified in the nei ghborhood allowed */ if ( *sp ==
TRACE- STATUS- OVERLAP- PEAK { peak count =0; i = 5;
iquakgpbr&ﬁléf nmust nore than one peak wthin
neiaghlaar hood defined by MAX OVERLAP PEAK GAP */ [* in
prder to detect shift, need introduce psudo-overl ap
} peak */ if ( peak count > 1 && peak2 >= 0 ) { && /*
ei ther peak ratio nmust satisfy M N OVERLAP- PEAK- RATI O
/* aly gt pece mogter 8kﬂ’f°/?lb%é°l?2?t%rff thgr BF9%98="/M N
fof ERUAP PEART Fret
pprofile = profile + i;
pa = a - max_idx + i;
pb = b - max idx + i;

profiled value = *pprofile * peak value / max;

/* printf ("pa is %d, pb is %d, profiled value is %d at pos %d with
prefile $f\n", *pa, *pb, profiled value, i, *pprofile); */
. /* if actual value is allowed by profiled value */
if ( *pa <= profiled value * (I + MAX PEAK ERRCR} )

{

if ( abswitch > 0 )
{
/* keep a same */
/* change b to 0 */
*pa = *pa * MAX_OVERLAP_ PFAK RESIZE_RATIO;
* _ -
pb = 0;

else

/* keep b same */
/* change a to 0 */
*pa = 0;
*pb = *pb * MAX OVERLAP PEAK RESIZE RATIO;
}
}

/* if profiled wvalue is not wvalid */
else
{
vdiff = *pa - profiled value;
if ( abswitch > 0 )
A
/* keep a as profiled */
/* change b to the vdiff */
*pa = profiled value * MAX OVERLAP PEAK RESTZE_RATIO + vdiff;

*pb = vdiff;

[l

else

/* keep b as profiled */

/* change a to the vdiff */

*pa vdiff;

*pb profiled value * MAX OVERLAP PEAK RESIZE RATIO + vdiff;

[l

}

/* return 1 if overlapping peak identified, 0 otherwise */
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pratio <= 1/ M N OVERLAP PEAK RATIO if (

avg- background_peak-val ue < peakl *

M N- OVERLAP- PEAK- RATI O { avg background peak val ue <
peak2 * M N- OVERLAP- PEAK- RATI O ) /* mark status to

i ndi cate overl appi ng peallir&fified */ sp =

ps[ peakl i idx] - MAX- OVERLAP- PEAK- GAP + peakl j _idx;
int oveSR peTﬁA@Ent %%TUﬁtWEBLAEt P@%K, 11§00*53 D%LQG@&Z bhort *t1,
short +@%] shorMAX-LQVI n£;¥%x*ﬁ pea | dx;
{ Splitrace.c } eI se /* not satisfy background

short egui¢lenent, pesil,—pEsfzpeaddkli i iidx] peaWAX OWERIPARKPHEAKdx,
peakZ GARx# peakl j idx; *sp = TRACE -
int ‘PATUS-*PBEUDO- OVERLAP- PEAK; sp = ps[peak2_i idx] -
int pagk- eRAERL AP- PEAK- 2P Frﬁ‘é%l?? qoﬁﬁt' cxgyyl peak check window;
float Ex _
TRABE-GTATUS- PSEUDO- OVERLAP- PEAK; *sp =
int RACEmIAI US; OVERLAP- PEAK; ret = 1; /* mark status to
I ndi cate pseudo overl apping peak identified } [/* or
/+ ipeakitat kp satisfy M N - OVERLAP- COVPLETE- PEAK- RATI O *
for @ndé the snml;| er+)peak is a clean and conpl ete peak *

{ and the background shoul d be cl ean, which means
vackepreohdl idhoulrgn be | ess than * snaller peak size *
MORE OVERLAP- COVPLETE- PEAK- PATIO el se if ( pratio >=

M N OVERLAP COVPLETE PEAK RATI O && pratio <=
1M, - OVERLAP- COWPLETE- PEAK- RATI O ) value */ { /* |oop

ps[g}t hrgy.gh rest two traces and get the biggest background
psgg]sbcogj max_bg val ue; maxbgvalue = 0; for (i =0; i <
ps[3¥8=ka+t) { If (1 -- peak2 i idx 11 i == peakl i idx }
ptl0lcentinue; } else { for (j =0; ] <=

Pt [TIMAXCOVERLAP- PEAK- GAP * 2; | ++4)

ptl[2] = £3;

pt[3] = t4;

peakl = 0;

peakZ = 0;

ret = 0;

/* check if over-crowd peak region, aveid this region by changing peak
status to TRACE STATUS CROWD PEAK */
crowd peak count = 0;
crowd peak check window = Z2*MAX OVERLAP PEAK GAP+1;
for (i = 0; i < 4; i++)
{
for (j = 0; j <= crowd peak check window; j++)
{
sp = ps(i] + j:
if ( *sp == TRACE STATUS PEAK )
{
crowd peak count ++;
}
}
}
i1f ( crowd peak count >= CROWD PEAX THRESHOLD )
{
for (i = 0; i < 4; i++)
{

Hl

for (j 0; j <= crowd_peak check window; j++)
oA

sp = psfi] + j;

if ( *sp == TRACE STATUS PEAK )

{

*sp = TRACE_STATUS_CROWD_PEAK;

}

}
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{ tp = pt[i] - MAX OVERLAP PEAK GAP + j; if ( *tp >
max bg value { } } max bgvalue = *tp; } if ( peakl >
peak2 { /* satisfy background requirenent if (
max_bg _val ue < M N PEAK- VALUE
M N- OVERLAP- COVMPLETE- PERRUIE&RICO && avg background peak
val ue < (peak2 M N OVERLAP PEAK RAT10) ) { for (k =
y 1, k <= 10; k ++) { sp = ps[peak2 i idx] -
MAX- OVERLAP- PEAK- GAP + peak2 j idx - k; if ( *sp >
M N- PEAK- SPACE 54 Splitrace.c peakl j idx; peak2 j
/* ctirdlépt peak: foh fuspos Peppedkbitiondx] -
if ( MAX- OVERMAPSPEAK- XK +1*sp = TRACE STATUS OVERLAP
F*EAK‘ §“ GEﬁ§ %&R@K lldx] - MAX- O\/ERLAP PEAK- GAP +
g E = USEAHVERLAP- PEAK; ret = 1; break; 1} }
}EFrT Tﬁﬁﬂg%PF§?§ B%%kéround requi renent, mark as
: Pssygqfov%rea Pifhotesch Dokl b - -k peakl | idx;
SRk =Rk peak ? ﬁ ERLAP- PEAK— GAP +
for (i = 0; 1 < 4; 1i++)
{
for (j = 0; j <= MAX OVERLAP PEAK GAP * 2; j++)
{

sp = ps[i] - MAX OVERLAP PEAK GAP + j;
tp = pt[i] - MAX OVERLAP PERK GAP + j;
if ( *sp == TRACE STATUS PEAK )

{
if { peakl == 0 ) { peakl = *tp; peakl i idx = i; peakl_j_idx
= 3; }
else if ( peak2 == } { peakZ = *tp; peakZ i idx = i;
j; 1
else if ( *tp > peakl ) { peakl = *tp; peakl i idx

peak2 j_idx
iz

i

peakl j idx = j; }
else if ( *tp > peak2 ) { peak2 = *tp; peakZ i idx = i;
peak2 7 idx = j; }

peak count ++;
i

. /* no existing overlap peak identified in the neighborhcod
allowed */
if ( *sp == TRACE STATUS OVERLAP PEAK )
{
peak count = 0;
i=5;
break;
1
}
1
/* must more than one peak within neighborhood defined by
MAX OVERLAP PEAK GAP */
/* in order to detect shift, need introduce psudo-overlap peak */
if ( peak count > 1 && peak2 >= 0 )
{
/* either peak ratio must satisfy MIN OVERLAP_ PEAK RATIO */
pratio = 1.0 * peakl / peak2;
if ( pratio »= MIN OVERLAP PEAK RATIO &&
pratic <= 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 = ps[peakZ i idx] - MAX OVERLAP PEAK GAP + peakZ j idx;
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*sp = TRACE- STATUS- PSEUDO- OVERLAP- PEAK; sp = ps[ peak2
i idx] - MAX- OVERLAP- PEAK- GAP + peak2 j idx; for (k =
1, k <=10; k ++) { sp = ps[peak2 i idx] -

MAX- OVERLAP- PEAK- GAP + |f *sp > M N PEAK- SPACE }
break; } } } else if ? > peakl { /* satisfy
background requirenent, nark as overlap peak */ if (

max bg «yal Uepg-Mshh REAKo Ak,

M N- OVERLAP- COVPLETE- PEAK RATI O &&

avg_backgr-ound _peak val ue < (peakl *

M N QVERLAP- PEAK- RATIO) ) { peakl j idx - k; peakl j

i dx; gpe=/poppemkisiy baxjoroufiixe QVERRAF: PEAK- GAP + *sp

= TRACE STATUS OVERLAP PEAK: sp = ps[peak2 i idx]

MAX- O\/éﬁLW Pﬁ%u@t@ _.]:H%Jé’éllk‘? Ij’seuag(-ov,egbap_plng peak identified
*/

TRACE- STATUS O‘/ RLAP P K OVE JE'AP PE %5}9 %reak(.l | J.dx,

1 kK < TA_'RFUSS _*
MAX- OV ldﬁ]l - WEELEM NE‘JBE%KPSP@@EM[ 52dx;
Splitr ae@ < TkA:}E }STﬁds NOTpsabv=siype ek ground
requiryement, mark as pseudo-overlap peak */ el se
}
/* or peak ratio satisfy MIN OVERLAP COMPLETE PEAK RATIO
* and the smaller peak is a clean and complete peak
* and the background should be clean, which means background should
be less than
* smaller peak size * MIN_OVERLAP_ COMPLETE_PEAK RATIO
*/
else if ( pratio >= MIN OVERLAP COMPLETE PEAK RATIO && pratio <=
1/MIN_OVERLAP COMPLETE PERK RATIO )
{
/* loop through rest two traces and get the biggest background
value */
short max_bg value;
max bg value = 0;
for (i = 0; 1 < 4; i++)
{
if {( i == peak2 1 idx || i == peakl i idx )
{

continue;

else
{

for (3 = 0; j <= MAX OVERLAP PEAK GAP * 2; j++)
{

tp = pt{i] - MAX OVERLAP PEAK GAP + j; -

if { *tp > max_bg value )}

{ .
max bg value = *Lp;

}

}

if { peakl > peak2 )
{
/* satisfy background regquirement */
if ( max bg value < MIN_PEAK VALUE *
MIN OVERLAP COMPLETE PEAK RATIO &&
avg background peak value < (peak2 *
MIN OVERLAP_PEAK_RATIOQ) )
{
for {k = 1; k <= 10; k ++)
{
sp = pslpeak2 i idx] - MAX OVERLAP PEAK GAP +
peakZ j idx - k;
if ( *sp > MIN PERK SPACE )

54



{ for (k =1; k <= 10; k ++) { peakl j idx - k; peak

j i1dx; peak2 j idx; } } } } returnret; } } sp =

ps[ peakl i idx] - MAX- OVERLAP- PEAK-GAP + if { *sp >

M N- PEAK- SPACE sp = ps[peakl i idx] - MAX OVERLAP PEAK

GAP + *sp = TRACE - STAPPMIGe8EUDO OVERLAP- PEAK; sp =

ps[ peak2 i idx] - MAX- OVERLAP- PEAK- GAP + *sp =

TRACE- STATUS- PSEUDO- OVERLAP- PEAK; '} break; } /* build

conmon peak pgofi Lenasyi ef epence wiy dsitdige0fak Bk
peaki Mitip; conmon peak space void build_cm peak”profile

“{int *num shesd =*tdacestmnrts *dvBrisheetk*t 3, short

*t4, int *sl,sprtpFSRakint 18813, -iwAX OERRLAP| FAK GAP +
peak? Fadpfile, int profile size% { int numelenents[4], i,

i, k, max; shoit =*TRECELTIATIE BVERD AR K i nt * ps[ 4],

*sp, float *floatp; /* initialize pt[0] =tl; pt[1]

=t2; pt [2] ai?e; 3] =t4; ps [Q =sl; ps[I] =s2;

ps[2] =s3; ps 13" =s4; for (i =0, i <4 ; i++)

}
} .
/* NOT satisfy background requirement, mark as pseudo-overlap

peak */
else

{

for (k = 1; k <= 10; k ++)
{
sp = pslpeak? i idx] - MAX_OVERLAP PERK GAP +
peakZ j idx - k;
if { *sp > MIN PEAK SPACE )
{
sp = pslpeakl 1 idx] - MAX OVERLAP PEAK GAP +
peakl j idx;
*sp = TRACE STATUS PSEUDO_OVERLAP_ PEAK;
' sp = ps(peakZ i idx] - MAX OVERLAP PEAK GAP +
peak? j idx;
*sp = TRACE_STATUS_PSEUDO_OVERLAP_ PEAK;

break;

}
}
}
else i1f { peak2 > peakl )
{
/* satisfy background requirement, mark as overlap peak */
: if { max bg value < MIN PEAK VALUE *
MIN OVERLAP COMPLETE PEAK RATIO &&
avg_background peak value < (peakl *
MIN OVERLAP PEAK RATIO) ) :
{
for (k = 1; k <= 10; k ++)
{
sp = ps[peakl i idx] -~ MAX OVERLAP PEAK GAP +
peakl j idx - k;
if { *sp > MIN PEAK SPACE )
{
sp = psl[peakl i idx] -~ MAX OVERLAP PERK GAF +
peakl j idx;
*sp = TRACE STATUS OVERLAP PEAK;

sp = ps(peak2 i idx] - MAX OVERLAP PEAK GAP +
peak2 i idx;
‘ *sp = TRACE STATUS OVERLAP PEAK;

ret = 1;

break;
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{ } numelenents[i] = *num numt+; /* build init
profile */ 56 Sp[itrace.c (j = 0; j < 4; j++ ) for (i
=0; i <numelenents[j]; { tp =pt[j] +1i; sp =
ps[j] + i; /* identify one peak with common space if

( *sp -- profile-size f&plittdee£€ 0; k < profile size;

k++) { ppeak =tp + k; floatp = profile + k;

*floatp = *flpatp + *ppeak; } /* normalize profile

max = -1; for ' (k = 0; k < profile size; k++) { floatp

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

*f| oat pr dawr sédc sTy Gackgroprofdduer&icze; detk)ad phealporerlap
peak *profile +k; *floatp = *floatp *100.0 / max; printf

("of\nelsefloatp); } } /* mark start and end of valid

peak ranye */ void mark valid peak range (int *num

int *sl, i]{?ﬁ’lr Y57 Lit TS Kntt'*s4)  int num

el ement s[ 4] . i N ipedin Koia, HONC MRl £NYMK ShATL
peakl PEAK cQunt, &nd peai count; - -

o if ( *sp > MIN PEAK SPACE )

{
sp = ps(peakl i idx] - MAX OVERLAP _PFAK GAP +

- peakl 7 idx;

*sp = TRACE_STATUS_PSEUDC_ OVERLAP_PEAK;

sp = psi{peak2 i _idx] - MAX OVERLAP PEAK GAP +
peakZ 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 *tl, short *tZ2, short *t3, short
*t4, int *sl, int *s2, int *s3, int *s4, float *profile, int profile size)

{

int num elements{4], i, j, k, max;

short * pt[4], *tp, *ppeak;
int * ps[4], *sp:
float *floatp;

/* initialize */

ptl0] = t1;

ptli] = t2;

pt[2] = t3;

pt[3] = t4;

ps[0] = s1;

psil] = s2;

ps{2] = s3;

ps[3] = s4;

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

{

num elements([i] = *num;
numI+ H

}
/* build init profile */
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.int *ps[4], *sp; - - - - [/* initialize ps [0] = sl
ps [I] = s2; ps[21 = s3; ps[3] = s4; start peak
count = 0; end _peak count = 0; mn elenum=
99999999; for(i =0; i <4 ; i++) { numelenents[i]
*num  numt+; 57 Splitr @PERCES (Cmin_el enum >
nun1e|enents[|] } {} 1} minelenum= numelenents[i];
for {5 BIK yaqu+peak start done = 0; for (i =
{ IGNORE—DATA—IN i < mn elenum - | GNORE- DATA- | NDEX;
Fort)i{= f00f1(<j nm_Q,leﬂrterﬁS‘ﬂj],J t+)) { sp =ps[j] +1i; }
{f ( *sp == TRACE- STATUS- PEAK { start_peak_count ++;
|ﬁp(ksﬁdnl-peak count == | GNORE- START- PEAK- NUM { for
(r==@slkl < 47 k++) { sp = ps[k] + i; *sp = TRACE
St Tydsén\t{ﬁlﬁlf %nngﬁ\a}é’k \lv t}h ggngn%n:sp]é’ce p/r eak; }
if { *sp == profile size )
{
for (k = 0; k < profile size; kt+)}
{ _
ppeak = tp + ki
floatp = profile + k;
*floatp = *floatp + *ppeak;
}
}
}
}

/* normalize profile */
max = -1;
for (k = 0; k < prefile size; k++)
{
floatp = profile + k;
if ( *floatp > max )
{
max = *floatp;
}
}

for (k = 0; k < profile size; k++)
{
fleoatp = profile + k;
*floatp = *floatp * 100.0 / max;
printf ("%f\n", *floatp);
}
}

/* mark start and end of valid peak range */
vold mark_valid peak range (int *num, int *sl, int *s2, int *s3, int *s4)

{
int num elements[4];
.int i, Jj, k, done, min elenum, start peak count, end peak count;

int *ps[4], *sp;

/* initialize */

ps[0] = sl;
ps[l] = s2;
psl2] = s83;
psi3] = s4;

start peak count = 0;
end peak count = 0;
min_elenum = 99999999;
for (i = 0; 1 < 4 ; i++)
{
num elements[i] = *num;
num++;

57




if ( done { break; } } /* mark valid peak end */
~done = 0; for (i = mn elenum - | GNORE- DATA-I NDEX; i >
| GNORE- DATA-INDEX; i--) { } for (k =0; k < 4; k++) {
sp =ps [ k] +i; *sp = TRACE- STATUS- VALI D- PEAK; done

= 1; break; } } if ( d§ﬁlétr?)09fcor (] =0; j < 4; j+4)
{ sp = ps [j ] 05 if ( *sp TRACE- STATUS- PEAK  {
£ a ount end peak-count ==

@G%Idrg%é P%K—?\Iﬁl\%%%é plltrace c {1} } } break;

1hdéa@5hrﬁ>e neste1cammpi peak space */ int
get _cm_peak _spacing (int *num int *sl, int *s2, int
} *s3, int *s4) { int nun elenents[4], cnnm_spaces[50];
int i d] cmspc, maxcount; int *ps[4], *sp; [*
/* it ’f«iﬂsﬂ | peaks ptart */
done =
for (i = IGNORE_DATA_INDEX; i < min elenum - IGNORE DATA INDEX; i++)
{
for (j = 0; 3 < 4; j++ }
{
sp = ps[j] + i:
if ( *sp == TRACE STATUS PEAK )
{

start peak count ++;
if ( start peak count == IGNORE START PEAK_NUM )
{ .
for (k = 0; k < 4; k++ }
{
sp = ps[k] + i;
*sp = TRACE STATUS_VALID_ PEAK;
}
done = 1;
break;
}
}
1

if ( done }
{
break;
}
}

/* mark valid peak end */
done = 0;
for (i = min_elenum - IGNORE DATA INDEX; i > TGNORE_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++ )
{
sp = psl[k] + i;
*sp = TRACE STATUS_VALID PEAK;
}
done = 1;
break;
}
}
}

if { done )
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ps[Q = sl; ps[l] =s2; ps [2] =s3; ps[3] = s4; for

(i =0; 1 <4, |++) { numelenents[i] _ *num

numt+; } for (i =0; i <50 i++) { cmm_spaces[i] =
0O; } /* count */ for (L. =0; jJ <4, j++) { } for (i
=0; i < numel errents[J%P“traf-"@)C { sp =ps{j] +i; if

{ *sp > M N PEAK SPACE && *sp < MAX- PEAK- SPACE } cmm
spaces[ sp] ++; } /* get the crm space, the one with

nm(e&g{ount maxcount = -1; crmspe = 0; for (i =0; i <
B0; i+t { if ( corm spaces[i] >= rraxcount {1}
} maxcount = cmm_spaces[i]; cmspc =i; } return
} cmspc; /[ * scan trace to determ ne peak position and

peak spacing * paraneters: nunber of elenment, trace
/> identd EyymosEt el FLpK\FPasg ’§pI it race.c

int get cmn peak spacing (int *num, int 1, *s2, int *s3, int *s4)

{

:

:

E int num elements{4}, cmn_spaces[50];
§ int i, j, cmnspc, maxcount;

g int *ps[4], *sp;

/* initialize */

ps[0] = si;
psll] = sZ;
ps{2] = s83;
ps[31 = s4;
for (i = 0; i < 4 ; i++)
{
num elements([i] = *num;
num++;

}
for (i = 0; i < 50 ; i++)
{
cmn spaces{i] = 0;

}

/* count */
for (j = 0; j < 4; j++ )
{
for (i = 0; 1 < num elements[j]; it+)
{
sp = pslil + i;
if { *sp > MIN_PEAK SPACE && *sp < MAX_PEAK SPACE )
{
cmn_spaces[*sp] ++;

}

1

/* get the cmn space, the one with max count */
maxcount = -1;
cmnspe = 0;
for (1 = 0; 1 < H0; i ++ )
{
if ( cmn_spaces{[i] >= maxcount )}
{
maxcount = cmn spaces([i];
omnspc = 1:
}
h

return cmnspc;:

}

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

*/
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void scan trace (int num int ignore idx, short

*trace, int *status) { int i, total peak num short *
trace idx; int * status idx /* ignore first ignore
i dx data points for ( i ;1 <ignore_idx; i ++ } {

statusi.dx = status + i p E?ccﬁt%s idx =
TRACE- STATUS- NOTHI NG, } /* ignore last ignore idx data

void SCQQI gasse 41ntf Qlﬁm ( J.ht 1gHU£@ :|_dx,I anare *Itg§ced J.ﬁt mé%tds)-'"'-

{ } { status idx = status =+ i: *status idx =

5 int {TRAGEISFAIUSaNOTHI NG } /* scan traces */ total peak
shormumm=c@; id=or ( i = ignore idx; i < num- ignore idx; i

int *+eyatust adis i dx = status + i; trace idx = trace + i;
/* get peak size, O if not start of peak *status idx

. e(trac tlfy peak position */
gorl‘ﬂTF?i “S?J errégg %5:% 5?u i dx) *status _idx =

total peak num ++ } printf

drat e ahxge@lgagwsnbe{ identified %\ n", total peak nun);
HIstag@et l@;eakTeAcE,ESTAmsumﬂnﬁm;;‘ not start of peak int
} peak-size (short *trace) { short sleft, start, sright;

short * ptrace; short peakspace[50]; i nt psi ze, up,

/* iogetm,lapt ivRRry diEedatpt pHiEEs: */trace ptrace --; cleft

fo:{: (= :L*ptntuacelgnore idx; 1 < num; i ++
status idx = status + i;
*status_idx = TRACE STATUS NOTHING;

}

/* scan traces */
total peak num = 0;
for ( 1 = ignore idx; i < num - ignore idx; i ++)
{
status_idx = status + i;
trace idx = trace + i;

/* get peak size, 0 if not start of peak */
*status_idx = peak size{trace idx};

/* identify peak position */
if ( is peak(trace idx, status idx) )
{
*Status_idx = TRACE STATUS PEAK;
total peak num ++;
1
}

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 = *ptrace;
ptrace ++;

start = *ptrace;
ptrace ++;

sright = *ptrace;

psize = 0;
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ptrace ++; start = *ptrace; ptrace ++;, sright =
*ptrace; psize = 0; 60 Splitrace.c nmax value -=0; if
( start <= sleft &% start < sright & } start <=
MAX- PEAK- START-VALUE { /* fill the space array */ for
(i = 0; i < MAX- PEAK- SPAplitrace.£+) ptrace = trace + i;
peakspace[i] = *ptrace; } /* scan the space array up
mex valde dgwn = 0; for (i = 0; i < MAX- PEAK- SPACE - 1,
if'(g¢g§t{¢Jgléﬁpggkspace[i] >= max value { } max value =
peakspase{drk; spPsize mmi + 1; /* check if reach peak
endr /<= wix Prup stadownarss )1l && peakspace[i] <= MAX
{ PEAK END VALUE && peakspace[i] <= peakspace[i+1] ) {
Aor 88K, thy goeceleeicde *yp or down */ if ( peakspace[i] <=
?%ak%ﬁHEEPi$I?“$PE%KﬁPA@“ub+H: 0) { up=1; } else{

—_ * .
u%tfééép= tfgce-ngm' bl

peakspace[i] = *ptrace;

}

/* scan the space array */

up = 0;
down = 0;
for (i = 0; i < MAX PEAK SPACE - 1; i++)

A
if { peakspacel[i] >= max value )
{
max value = peakspace{i];

}

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

peakspace[i] <= MAX PEAK END_VALUE &&
peakspace[i] <= peakspace[i+l] )

{
break;

}

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

}

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

/* 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
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else { down =1; } /* check if up/down violated */

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

psize valid */ if ( up * dowmn == 1 && peakspace[i] <=

MAX PEAK END VALUE && psize > M N PEAK SPACE && nmax

val ue >= M N- PEAK- VALUESPlitraggtd sfi ed, do nothing */ }

el se 61 Splitrace.c { psize ~0; } } /* if ( psize >
) { printf ("peak size od\n", psize); } */ return

| Psizes Jol* return 1 if is peak, otherwise return 0 */

| jnt is peak (short *trace, int *status) { short nf25],

v p[25], peak; int ispeak, i; short *ptrace; int
g *pstatus, nstatus[25]; ptrace = trace; pstatus =
/* it dtessizeforo (i { prOntd (Lp@f sizetpd{n'pt paiee) -} */pst at us
} return psizrp[;i ] = *ptrace;

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

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

int ispeak, i:

short *ptrace;

int *pstatus, mstatus[25]:

ptrace = trace;

pstatus = status;

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

ptrace --;

pstatus —-—;
m[i] = *ptrace;
mstatus[i] = *pstatus;

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

peak = *trace;
if ( peak < MIN PEAK VALUE }

{
ispeak = 0;

else
{
int mcheck level cne =
int mcheck_level two
int pcheck level one
int pcheck level two =
ispeak = 1;

i
[ T
LT T T

~a

/* decide if peak, check both side

* one side should satisfy PERK DETERMINE CHECK_WINDOW_ LEVEL ONE
* another side should satisfy PEAK DETERMINE _CHECK | WINDOW LEVEL TWO
*/
for (i = 0; i < PEAK DETERMINE CHECK WINDOW LEVEL TWO: i++)
{

/* no peak existing in the neighborhood */

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

/* check if phisical peak */

if ( peak < m[i] )

{
mcheck_level two = 0;

}
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mstatus[i] = *pstatus; } ‘ptrace = trace; for (i = O;
i < 25; i++) { ptrace ++; p[i] = *ptrace; } peak =
*trace; if ( peak < M N PEAK-VALUE { ispeak = 0; }

else { int ncheck level one = 1; int nctheck
| evel -two = 1; i nt pché@liracéfel one = 1; int pcheck
Ievel-tmo =1, ispeak = 1; /* decide if peak, check

bqgh %E Ef side should satisfy
TERMY éHECK:VWh{xNVLEVEL ONE anot her side
Shoulﬁhgai l1$fy1 REAK= DETERM NE- CHECK- W NDOW LEVEL - TWO
fory(i = 0; i < PEAK- DETERM NE- CHECK- W NDOW LEVEL- TWO,
i++) /* no peak existing in the neighborhood */ if
fest &t osPi]E == P@AKLD¥THR§5@§H€HECKLWIBPQﬂa%EYEL_PNE4:Hétk i f
bhisical peak */ if { ntheck level two
-’9 Vit el f Rl ST () ek
DETERM NE CHECK
Dﬁﬁéf ﬁ'ﬁéal +f) /* no peak eXIStlnglnthe
nelg borhood *Iif ( metatus[i] == 1) { ispeak = O;
br eaknc}ﬁeck level one = 0;

if { peak < pl[i] }
{
pcheck level one = 0;
}
1

if { mcheck level one + mcheck level two + pcheck level cne +
pcheck_level two < 3 )
{

ispeak = 0;
}

/* previous version, only one level */
/*
*for (i = 0; i1 < PEAK DETERMINE CHECK WINDOW_TEVEL_ONE; i++)

* {

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

* {

* ispeak = 0;

* }

*

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

/-k

* if { m[l] * 1.0 / peak >= FLAT PEAK STIGNATURE &&
* p[i] * 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, *ptZ2;

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

{

ptl = trace - 1i;
pt2 = trace - 1 - 1;
if ( *pt2 <= MAX PEAK START VALUE || *pt2 > *ptl )

{
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/* check if phisical peak if ( peak < nfi] { ntheck
level one = 0; } if ( peak < p[i] { pcheck_|evel one
=0, } } if ( ncheck_ level one + ntheck |evel two +
pcheck_| evel _one + pcheck level two < 3 ) { ispeak =
0; } /* previous versi oRPitGEEF one level */ [/* *for
(i = 0; i < PEAK-DETERM NE- CHECK- W NDOW LEVEL - ONE;
P++) *f h.if ( mstatus[i] I ) { ispeak = 0; } * if (
peak < n{i| Il peak < p[i] * { * ispeak = 0; * } * }
/* jgnore flat peak, too flat usually indicate dye
extenwidam £/i/* should not check flat peak this way,
baer dhéck 0f or WeBe ipeak, ignore following */ * if (
n{lq * 1.0 / peak >= FLAT PEAK SI GNATURE && * p[I] *
P;Qe-al%réce P—“LAT PEAK SI GNATURE ) *{ * ispeak = 0;
- } h é or e */ if
( 1sib aﬁ é% F V!ﬁHJJW$LgE HhtptZ tpé¥ ghort
“ptl, pptAy for i 0; i <25; i ++ { ptl =trace -
I

}
right width = 1i;

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 */
/* 1f ( *trace < MIN PEAK VALUE * BACKGROUNLC PEAK FACTOR )
*
-k avy background peak value += *trace;
* background peak count ++;
* ) - -
*/
1
}

return ispeak;
}

/* copy traces to two sets of arrays */
voild £ill traces(int *num, short *tl,short *t2 , short *t3, short *t4,short
*al ,short *aZ, short *a3, short *a4 , short *bl, short *b2, short *b3, short
*hd )
{

int num elements(4],1i;

short *x1I, *x2 , *x3 , *x4 , *yl , *y2 , *y3 , *y4 , *zl , *z2, *z3, *z4;

for(i = 0; 1 < ¢4 ; 1++){

num elements[i] = *num;
printf (" in £ill %d\n", num elements([i});
num++;

}

xl = tl;

yl = &al;

X2 = t2;

v2 = az;

x3 = t3;

v3 = a3;

x4 = t4;
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pt2 = trace - i - 1; if ( *pt2 <= MAX PEAK START VALUE
[l *pt2 > *ptl 63 Splltrace. ¢ } break; } } [left
width =i; for (i =0; i <25; i +~) { ptl = trace
+i; pt2 =trace +i + 1; if ( *pt2 <=

MAX- PEAK- START- VALUE f | SPifagess «pt| } } right width =
i; { break; } if { left width + right wdth >
MAX- ALLOVED- PEAK-W DTH } } ispeak = 0; /* calculate
avg background peak */ if ( ispeak } { total peak
/* FGOoundhetBirsr* Tiee.Ccel cul ate avg background peak */ }
for { i*=0f i( <*tumaebrenM 3 PEAK) VALUE *
*yIBACKGROUND- PEAK- FACTOR * avg_background_peak_val ue +=
leL**t'race * background- peak-count ++; return ispeak; /*
yli¢opy traces to two sets of arrays */ void fill
_traces(int *numshort *tl,short *t2 , short *t3,
hort .* h hoy.t *a2 short *a3, short *a4 ,
f"f)‘,;hof’zl fiint %etf“te“e’*lb[ﬁ% 0/t *b3, short *b4 { } int
x2+8Em el errents[4]

vd =

y2++;
}

for( 1 =0; i < num elements[2]; i++}{
*y3 = *x3;
x3++;
y3++;

}

for{ i =0; i < num elements{3]; i++){
*yd = *xd;
x4++;
ya++;

}

/* FILL THE SECOND TRACE. */

X1 = ti;
z1l = bl;
x2 = t2;
z2 = b2;
x3 = t3;
z3 = b3;
x4 = t4;
z4 = bd;
for{ i =0; i < num elements[0]; i++){
*z1 = *x1;
®x1++;
zl++;

}

for( i =0; 4 < num elements[1]; i++){
*z2 = *x2; B
x2++;
z2++;

1

for{ i =0; 1 < num elements([2]; i++){
*z3 = *x3;
X3++;
z3++;

}

for{ i =0; i < num elements[3]; i++){
*zd = *x4d;
x4++;
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short *xl, *x2 , *x3 , *x4 , *yl , *y2 , *y3 , *y4

*zl , *z2, *z3, *z4; for(i =0; i <4 ; i++) f

nunel ements[i] *num printf(" in fill %\n", num

elements[i]); nume+; } xI =t1; yl =al; x2 =t2; y2

=a2; x3t3; y3 =a3; x4 =CBlIrFe.0Spjjtrace.c y4 = a4; /*

Fill the FIRST TRACE. */ for( i =0; i < num
2afl.ements[0]; i++){ *yl = *xl; xl++ yl++ } for(

y 1=0; i< numelenmenta[l]; i++){ - *y2 =*x2; X2++; y2++,
) } for( 1=0; i < numelenments[2]; i++){ - *y3 =*x3;
x3++; y3++; } for( i =0; i < numelenents[3]; i++){

Vad wri’@%/4:'i3:e ofdset xding giyeptdata array */
void write files(FILE *fp ,int *num, short *size, int *offset,short *al ,
short *a2, short *a3 , short *ad)
{
fseek(fp, *offset, SEEK SET);
fwrite(al, *size ,*num , fp);
num++;
size++;
offset++;

fseek(fp, *offset, SEEK SET);
fwrite(a2, *size ,*num , fp):
numt+;

size++;

offset++;

fseek(fp, *offset, SEEK SET);
fwrite({a3, *size ,*num , fp);
num++;

size++;

offset++;

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

sizett;

offset++;

66




} /* FILL THE SECOND TRACE. x|l =1tl; zlI =bl; x2 =
t2; z2 =b2; x3 =t3; z3 =b3; x4 =t4; z4 = b4;

for( i =0; i < numelenents[0]; i++){ *zlI = *xl;

I ++; zl++; } for( i =0; i < numelenents[I]; i++){

*z22 = *X2;- Xx2++; z2++; } for( i =0; i ‘
Claimscnunel ement s[ 2] ;i ++){ *z3 =*x3; for( i -0; i <

| % C L4+ * = *x4: ++; .
- A BT, ORGSRl i s of
substagtrallp gimyltancocitraces, eshittaespRhidplurblgy ofitracenbavingshpdntality of
toiza | *off s t *al . f o* *
dotapelf Bt oL eon SR Bep PP i UG o Rap N ffripay.
signal ‘agiplityde puarpositian) in tha trane-correspaisting to the frespective ditamdrit( thp,
nmﬂmé@&&ﬁﬁ%g:SEEK_SET); fmw{te(aZ, *size *num, fp);
numr+, Size++;, of fset ++,
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 and said

second peak to a second output homozygous representation.

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 mput 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 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;

(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); fwite(a3, *size *num,
fp); numt+; size++; offset++; fseek(fp, *offset,
SEEK SET); fwite(a4, *size *num, fp); numk+;
size++; offset++; } 66 Clains: 1. A nethod of
_processing an i nput nucleic acid chromatogram avgg% a
maximg| yalugr in s4)d Grst pegly Bact Gin SeePpd datapRinf PayBGUBRITPHR §alue B
secondipe@Ce in said plurality of traces having a plurality
of datapoints and each respective datapoint in each
said plurality of datapoints representing a signa

5. Theamhh ddtondgindd uﬂergmaia fiRNpdak isthsblﬁ;tahﬁaﬂlﬁ aé&lep;ﬁ@saa faneiond péak
t he respective, dafapoint, the t hod conpri si ng:

when saih st d4sangigt and Fal"f{sﬁe"?)‘é'a tappintyarg jbetween, proc tﬂpﬂm&ﬁ%a seven

datapoRlsdpad i ty 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

6. TheQhttivd lof Bl@iﬂnzd WEQLE saﬁtﬁ Afsesan isatibsoftiallp dveappng siﬁcsed’dﬂz (_1|_ E@ak
to_a secon ut put nozygous representation. 2. e

when Sﬁ'ﬂlﬁﬁbém(ﬂ?m?ﬁ“g? Seef g‘?’@"ﬁ@% et ﬂ?"ﬁ fhege @RIt 2PA%nozy gous
representation is a first honbozygous sequence
representation of sajd jnput nucleic acjd .

7. Theaprtiofhal Byroamp i Erede cBESTIEE A Rela isgeond peck

cach ind&RAREBobliR BetwSendive @Qaidtht ITHY dSthiinkequence
representation of said input nucleic acid

chromatogram 3. The nethod of claim 1l wherein said
8. Thefrhdiifot oPaty P of ERREYEBRUTIH SWERSEAIddifudthrdnfatograbd i§ fitan ABI

QNDZygous cleic_aci chr omat oqr, and sai d second

trace ﬁ@‘d?fﬁﬁ{ IR et ?%Fg§%?%?ﬁ%ﬁ?$ﬁ%]°@?&ond
honbzygous nucl eic acid chromatogram 4. The net hod
of an ne of the preceding. clains erein said. . .

9. Th cusdiof 1] 3y o6 A AiesREce g i, PRFIRG, S5 i G el aid

chromdt6p$dRe Giid 4RI OQAK oQkf;thiﬁl@lci_@ lacilRROmBBEHKS afenc.iaaa{wﬂttefni ih_S\g ABI

_ race at apoi n ving a nmaxi alue in sa

trace ﬁfeé%taléize ?9%9}9@%?% WAL Or%?é%%fé@af-n said first
trace including said first peak; (B) marking, for each
respectjve peak. of one or nore aks in said secon

10. The mgthad otany pre gi e ﬁ'ﬁ%é‘ﬁpﬁgwly%g’*ﬁ?ﬁﬁ?feéﬁ mye gﬁ"gét?fagm‘d

numbef @tsﬂéﬂ%tiﬁ V&d m@&hrloﬁgiogmmﬁ _aa%ed&&hﬁneﬂﬁ‘ag&ﬁl db&lct: s8idicgordinate,

.. .Seco race including sai d secan eak;

said ifjaeak iaF‘i/ r»zwg segondqprak afsoqegh Wﬁ“"é’aﬁooboﬂh %&f Elﬁhé‘lqgéit domgpzygous

represciffi W ERY QT REBnl B@put hSmoMdud rdpredditaber | ap t hreshol d
nunber of datapoints of (i) a first datapoint having a

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 ratio 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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67 maxi mal value in said first peak and (ii) a second
dat apoi nt having a nmaxi num value in said second peak.
5. The nethod of claim4 wherein said first peak is
substantially overl appi ng said second peak when said
first datapoint and sald second dat apoi nt are between
ratio yafigs, gaid {5%i neeks 2adhdrid sgeand Reak fsorash SMritsa rtp  sag, firsh, gutput
homoPB&1RQehr&bntSoRiald i8Rl oitpSBtidthold o8 reprRfitakisn.
substantially overl appi ng said second peak when said
first datapoint and said second datapoint are |ess
14. Thamdiiess daindngi WhéreifPaid thrédshollinRtiBBYNRisOht A% OPE
of the preceding clainms wherein said first peak and
said second peak each independently conprise between
15. Thd H&hstairaRM 13 Fhaaifl sdi@ihkethsldtAP Q1S & at Bast (ae met hod of
any one of the preceding clains wherein said input
chromatogramis in an ABI trace file format, a SCF
16. Th% inlefholl OF &M tone f thd Hainisl4@o fi D aaEL4, or Q6 vihBreflivhdn 4 @tid BétwEh.
The. net hod of any one of the preceding clai m

said fi fWh ot byl First Rk and i seqerd dapoiat plgsaitisrafeRedly st

than a3REshSR 1@1iS QAR 6ai0 Wi Peaknaiell s@idCscdll e 4@ RBHOGFHRN 1B 1s8id
each witten in an_ABlI_ trace file format, a SCF file

first oyt hggozygous represeitation gpchigid seegnd QppRyhempryEgUsTBRTRIgHtAtiony
The nmet hod of any one of the clains 4 to 9 wherein,
here is nmore than a threshald nunber, of peaks

when
17. The ﬁwghaﬁs of any geg ofdhy eie &t Eﬁﬁh@ﬁwgws FUHet SPIFSEE r egi on
abQenififd GnCORFGE Nethe, backbuddf V41t freakid aRght SAictkic acid
second peak are each witten to both said first output
chromyiegrama Al us  representation and sai d second out put

hoERY 904 SirktepiaR eadtsald @Bend]feak b SsalBHRO Guht GdRdAERE
wher el n, sai d threshold nunber of peaks is between two

representation andh qaid jsgeond oyfpyt hamozygens presspigtiony Whempither gpig dirst |
datapom OF 6did i péhkiVr @6ia sBoRtl ABEHPIIMAIF Hd IsScoh@ PRSI leds than said
ata oints and 20 datapoints about said coordinate.
averagg peak PRekerUNA ¥3lUsf any one of the claims 4 to 12
wherein, when a ratio between said first datapoint of
said first peak and said second dat§£0|nt of said

18 Themegadolisium 17 ehgiemdhervorgapral bakgionahwlyy iseluisddy:

va) t@apadind th)fa daddpoe aka 2R udRI i sH@ GNP R radds@hRIBH a
witten to said fpl rst out put hormzy Qus

maximgloyalic oA BIROR SAHGES A6F SoboMe GHPTRTdIRG d2gains fuat has a

maximbBRLRSEH E@‘Fdsflﬁdmé%glm ah&hdededih ssil @1@1&330%855@ n
sajid threshold ratio value is at | east 0.20. 15. The

néb hiSBEASRE cthej sAmParisoRe PBj SAids datapainty s Haidy testartrage \1a| the
corresﬂoﬁdlﬂg dh@psiht Hardiths alfaxidevaiRt fogd c&fesﬁeﬂMm%r}@gl&i of Rother

clains 4 to 12 and 14 or 15 wherein, when a ratio
trace insoid RiwRlity O fraces pptd eachdrags i sAtd RbFraliy pitraces bas beengomparsd

msmd%athQQQﬁnqwggiap0|nt of said second peak is |ess
t han reshold ratio value, said first peak and said

SWheHrRaiddlataRoial i said test ther haservalus thekisdargerithanitheyyalusyt
held b}‘ﬁ%@ﬂ&ﬁ&ﬁ:ﬁg%ﬂfaﬁ&ﬁﬁf@h&h%h@ RdeeSiftistid PREARMH o ObtcB the value
onbzygous representation. 17. The nethod of any one
Ofsaldélﬁtat’%@ 1 pddpdhio arcopperis, t he net hod further conprising:
determ ning an average peak background val ue for said
~input nucleic acid chromatogram and witing said
first peak and said second peak to said first output
honpbzygous representatiggn and said second out put
honbzygous representati on when either said first
dat apoint of said first peak or said second datapoi nt
of said second peak is |less than said



aver age peak background val ue. 18. The nethod of claim
17 wherein the average peak background value is

cal cul ated by: (i) conparing (a) a datapoint in a test
trace in said plurality of traces that has a maxinm

val.ue of. a peak i.n said test trace to ( t he .
< i Beptn RGO 1 heiteo e v e et
has a Iﬁmmﬂsfpma af n@freegipedk lﬂfsalﬁfb@litl‘he& uitil Akt er 4 porfidi 6f the peaks in

ft ] at th f
said e i gt oo Forbr ] B8 a7ih Corbeting G Lo g pe o SOM 0
1191 ﬁﬁ@ﬁﬁ%ia@c&’@hﬁ@%ﬁ&aid l‘b@éatlhgﬁl)aaﬂd&lﬁdﬁﬁjeam@ (Ui using a
r
aiftorei ok GRS P O e Fnd et wach o S PRI e e

been cOﬂimdefeﬂQEStebiﬁ&cbﬁ&ﬂd@ﬁrﬁ]ilﬁihgd) ahd sai d conparing (| ),

ei n .when, sai d ta ai st trace
VP Pty S St 0105 e s, B BBy
obtainin@ 64id Syeeige peal bakki@pad mueof each other trace in said
plurality of traces, the value of said datapoint is
added to a counter; 69 (iii) repeating the conparing
19. Z(he) maﬂﬁh tohelai:ﬁpeaﬁm mg \(/llelrém usﬂdngpa dicidie nent chaahaappamt

represirlep NAIGE S TE IR P TR RUT oD SHaest fetiod
furtheram@ridigst trace have been conpared by said conparing
i) .( . '. d t
(Pt R B E T T Ay o Ak AP EfiE pad?
hamnh@aﬁﬁuﬂmc&aﬂdmmﬂum&kmhy of traces until each trace in
red

it f t h
¢ Bhtn Bl Eoinet cfeegof B o PR G R A Copralng SR g
point, §a‘itl firsCpdk bt sahilysecond yedkedre edch peiatas toad illefitstt amipmahd@nozygous

reres SR P ) i 2 SRS RS i e 4 o 18

wherei n said |nput nuclelc aci d chronmat ogram

eiLc e uence from a het
20, Th BBt 1ol so R s e b s DRIRE & B ora hEAS®
that ocﬁmainmaiﬂgplﬁxah@l df nfatkds afilec baid eo@&iﬁaﬂaﬂ&@iramhéro Baid nmﬁbemtof
in.,said, heterozygous.n

insertion gr. deletio
peaks Giepe 88 seon oD Rk BR S5 SBTHIeS Y FREH g
said pdiletbinkedtion & dEletivhdn Qzﬁ&ihﬁﬁbﬂrgﬁlﬁﬁmdlleiaahd samsplaf t er sai d
point, said first peak and said second peak are each
witten to said first output honozygous
21. TheefiRdentlain I wikién sad thsatandulbtion thidsholb atmbEy Gobedveen 25
representation. 20. The nethod of claim 19 wherein
and 555 ¢ scanni ng conpri ses counting a nunber of peaks
that occur in said plurality of traces after said

coordi nat.e eaks exceeds
22. Thg geid G ENBK I TEReGET BH Er e B g s et 75

and 20600rdinate is determned to be said point of
insertion or deletion in said heterozygous nucleic
acid sanple. 21. The nethod of claim 20 wherein said

23. Thd'sRfhbi Qiﬂ{]cﬁhﬁrhﬁtl% Qg m?wmmls@td rﬁdﬂv\}?ﬁfg éoﬂlpﬁeés\/‘ﬁfﬁﬂmd ingae
75. 22. The nethod o 0 erein id., ,

percentage; o Pk iapEtian i %@gfﬁlsw SRBEeT i gecysieaie ey

when s#i@ Qercehdage dhgeakethit OderRp ctdedds¥h ink&ibiwdeetionher ei n sai d
scanni ng conprises determ ning the percentage of
peaks that overlap in said plurality of traces after
sai d coordi nate, wherein, when said percentage of
peaks that overl ap excee%s an insertion/deletion 70



t hreshol d percentage, said coordinate is determned to
be said point of insertion or deletion in said

het er ozygous nucl eic acid sanple. 24. The nethod of
claim 23 wherein said insertion/deletion threshold

thresho@@ée%%%téaag%g@iqéao%gagﬁgHﬁ%%m%ﬁté ﬁg Igz;,*d sg‘%ﬂg‘g iIrlls%E‘t%/onpo? rd% etnlct)ri

in said hBEREY QDG Chéi@Banie eshol d percentage is between
ten percent and fifty percent. 26. The nethod of any
one of the preceding clains wherein said input nucleic
24. TRE intkthdd@N0BMinD @B aNhdr R eRIC k& tian/deletidl thrabbld FecdRge as
froma heterozygous nucleic acid sanple and wherein,
betweep tyvg pereent aad H‘“B‘%tpﬁ{ﬂe‘fti ng, said method conprises
mul tiplying said first peak and said second peak by a

caling constant. 27.. The pethod of cl ai wher ei n .
25, The, ptifplapt figne v S SRvReHddleton, Ry pegniagnds
betweelBinhRecenf analfEypedntvner ei n sai d scal ing constant is
2.0. 29. The nethod of any one of the preceding
clains, the nethod further conprising: generating a
26. TEO mEthdd RFaday nef dfl the pedceding lclims imthgredl sfi@aksut indclBRi gbid
i nput nucl el c aciF.chngnato ram andh rior to gajd id
chromafografiyt FePITEFIIS: ABIElHy 2891 ARTPS 1L Ak MYFrOeEols JBEBH gt
samplera?ak\iha@ai, ggtn- tsahid_o@mg, Pebiebd tohriseSHhultibhendebid it
of claim erein sai enerating conpri ses:
peak andeseidrsqeqnd peelk ye? %?Ggl?ga‘é’é‘“ﬁ%nber of datapoints in the
peaks in said input nucleic acid chromatogram and
aver.agi a profile of all or a parfion of th eaks
27, TH et FABED ML P e et BYFER |-hate P e
sai d average nunber of datapoints, thereby form ng
sai commpn_peak profile, 31. The thod of claim 29
28. Thﬁf“eg@d\??ﬁ%]?’é‘i‘ ?léag’g?r ‘“éﬁ‘&?ﬁ"ﬁ'ﬁ‘é CRBE 1 det er m ni ng
whet her a value of a test datapoint in said first
pea r said second peak exceeds, n,.error . .
29. Th gthof 0558, s o Gefee<Biing A e it bs bR RAME AP G E Ao
ReddfatzQf doldhdnpRik srefile FoROpIAaLityOfpadld in $binpataiualeiei Nt .
.. .1 32. The method of clai.m 31 wherein said error
acid chramalogram,aod; Qe FULAUP HE8and 0. 4. 33. The nethod of
Chetkig3didwha peiorsaiddeddnd PEakiREBaRhidGOmir®n Pedk profile. The
nethog of any one of the preceding clains wherein said
plurality of traces in said input chromatogram

30. Th&ﬁ@dh@&é afa@ihm?ﬁm&bﬁtssid%&n@aﬁﬂgrc;blidnptrig@ce forf guani ne, a
second trace for cytosine, a third trace for, )
JAEHBSiNgche, AUerazer BARER Of flafapotgts in fWﬁaE%!“ 348 ingut nueloic

acid chf@sdrah; 4i@adabl e medi um havi ng conput er - execut abl e
i nstructions for Perforning t he sieps qof .the nethod.
areragipe gnroBle ethell BF acwdiony of thyi preks s sad ipRyigyelele acid

chromafypR/h aRutP hARUEdid f Aerads Enuinthef QT i1S0iE) WetcBy fos@MRULAd
system _the conputer program product conprising a

commog geaktrefiler eadabl e st orage nedi um and a conput er
program mechani sm enbedded therein, the conputer
program mechani sm for prqocessing an i nput nucleic

31. Th"a’é‘th‘o‘éﬁfﬂi’fﬁ’t rath Whetaih @"“‘é CIEﬂCE\“g [CPPPIIGH dgtﬁ%f“éﬁtv‘fh&?hle’ﬁ/a

value ofidTHki ARSRIAT ihl AGE Srst Pk of QAR WeEindPHAAN XBIAE,CHARH Shior
rising:. instructions for identifying a first, peak

conp : [
percentpge, 3 valup of therdatagoinh ingsgideogimamapgak preffie fhah eqreespengp tq gaid
teﬂdaﬁgéhﬁjantially over |l appi ng a second peak in a second
trace in said plurality of traces; and
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 computer, pragram profict-compRsing 2, $PRGUE 1Al

instructions for outputting said first peak to a first
out put honobzygous representation and said second peak
to a second out put honpbzygous representation. 37. The
comput er program product of claim 36 wherein said
first output honbzygous representation is a first

32. Themshed gbtlamsH drherrinsaid e @ersatageibhrturen Al and Agut
nucl ei c acid chromatogram and said second out put
honpbzygous representation is a second honbzygous

33. Thepgtheheierlaimad e saidi T Baree@iedisi%put nucl ei ¢ acid

chromat ogram 38. The conputer program product of

clai m 36 wherein said fir?t out put hgﬂﬁ;{gous ..
34. The methad ghanyt 5rPfithe Bressdimeclaighadiigle drlpirBl Oldtees in said
input cRMAMREAYh&Mic afd Badids Seaantt @det Tui gh@fRZ ¥ 36d6dd trace for
. representation is a second ho ﬁ%gﬁus nucl eic acid
CWD““EWH@H%?%@@%&P“F*W?m@b?O?ﬁgﬁﬁﬁﬁgf My ogr am product o
any one of the clainms 36 to 38 wherein said :
instructions for identifying conprjse: (A) .
35. A oRREnEFree e w%vmaq@mw%re %@ﬁ‘)ﬁee‘%&&%?f\?ef%g%f@fwfng
the step@ BEthE inefHdH ©f ABaJS of the pRRbding disifk. trace, a dat apoi nt
havi ng a maxi num val ue in said respective peak, said
one or nore peaks in said first trace including said
36. A béhifiterP@akram( Fbdhdd SbF wed iiDREnjltionawikli Agconfpater 85abm, the
respective peak of one or nore B aks in ai d second
rage) R agcg? aomputer
prograrh ARpRAIshVéanfedadd theindtheRemPiiter progr@mAraksnism fé‘ré}ir@‘i:essing an
. second tﬁace i ncl udi ng ﬁaiﬁ second E%ﬁk; S%h "
input nyqlel¢ poid chrgmatopgm haywsra BRI o sEiint HatEoidpeqys; fpees, the
computbr fRbraif b RinGnAGidprisigomat ogram that is within an
Qverl ap %hh§3q§ld qunber ofﬂ%gtapolnts qf éi) a first.
dpsrugienstor ilepitinne 4 firshberinia RFsh tage inysaldplyraity of fraqss ot is
substan8A; dveHAppingSLRenA Rall ARGIndMavd MGaid plaxlitoMryab;uadi n
said  second peak. 40. A ignp er ﬁ%sﬁ§$1for .
PRSGUEHADS IRy C4IPUHiRG SRid AR PEYSCO A IR UMM R GBI AT R
and saiddebdndlpedlfio a@écoBdIBRHRREMSdykYus SépRiLit@AOUS traces, the
conputer systemconprising: a central processing unit;
a menory, coupled to the central processing unit, the
37. ThdBRRRLKr proBfalliFoducB &l dhimMauUihedie! €1 ¢ aci d chromat ogram
and a program nodul e, said,ptog£anénndule conpri si ng:
iS’i”f§tﬁF§§8?@6@“1"6?&‘5‘1“8@!1?{‘?5?‘9‘1“??& 15T pifst ‘{m‘ﬁgé‘_?%lsis?ﬂ“ﬁ“q‘ei rst
represchth@éiofisiid Spublnididi &lid Etobtofremcam that is
substantially overl apping a secqond peak in a second

| Y
£#id ceconfl Wit PpRORmAPYSL {PPESFO{AAR 4% @ Ssordd IOSIOFYROLT SFflience
represeft@ion WAl il gubucteid shid Erhate@ak. to a first output
honbzygous representati on and said second peak to a
second out put honpbzygous representation. 41. The

38. ThEQIMPULe propist SONRE ofdl@mBeAheldier ei n said first output

honozygous representation is a first honozygous . )

S8 fEFC utPy chmeoryerus  RRIRSCHTatAn it 8 TSt hompmieeys nulsig acid
chromafofa8T@hPgr am and sai d second out put honmpzygous

representation is a second homgzygous sequence

P RSBh PHPH ROy SOuT EFPISTIATIOR it} 5cend;hqrppzygous nucleic acid
chromafoBfa@iTt Ogr am .
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42. The conputer system of claim40 wherein 73 said
first output honbzygous representation is a first
honobzygous nucleic acid chromatogram and said second
out put honpbzygous representation is a second
honozygous nucleic acid chromatogram 43. The ) )
39. Tb%r?ﬁ%w%r—‘r BEPEREH PSS 8o O of e Elf"é??srrég 49 ﬁowwem said
instrucmgﬁﬁii([bnﬁ@ii[%doﬁﬁﬁ-igéglcti ons for identifying corr_pri se:
8A} instructigns for rking, for each respective Eak
£ ondrsretgs dorpaakwe; fpr Saghgrespertive pepk QEQne gr Hlﬁfeab% hit
said firfidMtd) @ datapbiet havidY ¥ dlakBnunivaad id shie SeRpativy PeaREAkd on @k ehore
.one.Qr nore eaks in said first trace including said
Peaks“??%‘%grsb%"éﬁf“‘:t ng AP ons for marking, for each
(B PeGhstrvtidae s BhrkPBLIOR leadDfeSpcpRRiSeak Df $A¢ dr MORCHIAs in
st s 5 B R g b T oy St i one o
‘more p@ﬁ@ﬁ’ﬁdidts_é@ﬁ@U?Mh@ﬁdiﬁ@sa?ﬁéedotﬁ@ﬁmd g_eaki (O g
I nstruct.ion or .jdentifying .a cqordinate in,sai
i(ﬂbﬁﬁtr‘ﬁ;ﬂﬂlse’?’& idgpti ‘“gé‘rFPB%’HP%glPéﬂat“rP&f nycleig pgigh Fﬁ“’ togram
that is M@l ﬁpoiehlaﬁiilh_@sihdlmhm‘iﬂﬁf o@lfdatd@fltia@caifmi)& _ﬂfjst ?ht);pcantfﬂalvﬁltg a
. Qat apol nt avi Jyaxi mal. val ye .1 n. sai I rst peak .
maximal gE1of 1) S LOSRep A G 3 er e SHART g e yelhE & s
second péakd second peak. 44. A conputer program product for
use in conjunction with a conputer system the
conput er program product conprising a conputer
40. A doepdRbhetcsl fof A9CesBiE biv MpatithcRicGR Mkt iatogddr® §4vaig a plurality
nmechanj sm enbedded therein, the conputer program
of substapnally 5} GHS B76E SESOM IS hSY SRS PHYES ei ¢ aci d
cheamhpoessang bavi ng a plurality of traces, the
conput er proqram chani sm co risin& a trace split.
PodRGNREY: CARPIE H8e 1) Sopirgl o REGRE NG P Jigmemory’ storing:
Is#18 ifpuChdc@iSadidshromitpethihi 4@ a representation of a
first peaﬁlﬂfrom a first tﬂ;ace I.n said input nucleic
APrEIh PSHE-cGI s g odpie PRI/t honpzygous
_ I epr estth@iohOfdr idMNEtyink B Firdt pedki iR B Firdt Ghcedl 548 blukdlgy 6 traces
. representatjon of a second. peak, occurrin iln a second
that s pEngialI oxCrlagbin 3 sEeaR SRR aMEYacA 1ot plipply Of traces
and Substantially overlaps with said first peak, to a
second out put honpbzygous represent at ia\(l)\ﬁ. 45, ‘Tgﬁg
conputTsFugsiony P RPEHLE S2idt st P2 K4 AnWHE QURPUS dPgrozyeous
represeEREANEd PAAKecoHDHERMS & Sdcbid @R hbRPS gbhs Bpresinthtibh.r st
peak when a coordinate in said input nucleic acid
chromatogramis wthin an overlap threshold nunber of

41. ThetRbpRRH §is®mdf cfdith 40 vitefedd 74 datapoi nt having a
maxi pal value in said first a&eak, and_(ii)) a second

f alyist b ompZRE B e pRgentalian g ¢ nﬁréfaih)amgaegahﬁ SEEHoRce

represeftftion UT8ai8 HpRHH RIeiPiQOERSMALEMCindOT Cl ai m 45 wherein
said overlap threshold nunber 1s between two

&t Affof utPth AoRRDBRAIIEPESTIAICR is A7sccqmdnamfgieqy sequence

represefRAtRMOT 84 thpaDnd it icid\HEbRit6gra@l d chromat ogr am having a
plurality of substantially sinultaneous traces, each
trace in said plurality of traces having a plurality

42. TheQbmpoR} RRNSITIAMRBSARIeiR €spect i ve datapoint in each
said plurality of datapoints representing a signal
anplitude at a position in the trace corresponding to
the respective datapoint, the nethod conprising:
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identifying a first peak in a first trace in said
plurality of traces that is substantially overl apping
a second peak in a second trace in said plurality of
traces base-calling said first peak to forma base

sentation of sai S se-callin
SRR BB S urne dopetiob L b fir g oot g Seid
cmnnmﬁgﬁﬁndmpeak out putting said base representatlon of
said fi ak to a first

S et SR e ot e eutiBaa s PR PUERARaYs e oo
chromat®giagh. Second peak to a second out put honozygous

sequence. 75
43. The computer system of any one of the claims 40 to 42 wherein said instructions for
identifying comprise:

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

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

© 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 split routine comprising:
instructions for outputting a representation of a first peak from a first trace in said
input nucleic acid chromatograrn to a first output homozygous representation; and
instructions for outputting a representation of a second peak, occurring in a second
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 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 cach 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 said 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

séquence.
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