
SYSTEMS AND METHODS FOR PROCESSING NUCLEIC ACID
CHROMATOGRAMS  FIELD OF THE INVENTION The field of this
invention relates to computer systems and methods for  automated
processing of nucleic acid chromatograms. Such methods can be used to
facilitate the detection and characterization of polymorphisms in
heterozygous nucleic  acid sequence tracings. BACKGROUND OF THE
INVENTION The availability of large amounts of DNA sequence
information has begun to  influence the practice of biology. As a result of
current large-scale sequencing output,  analysis methods are not
adequate to keep pace with the burgeoning data. To keep up  with this
growing demand, improved automation is needed, and it is particularly
important that human involvement in sequence data processing be
significantly  reduced or eliminated. Progress in this respect requires both
improved accuracy of  the data processing software and reliable accuracy
measures to reduce the need for  human involvement in error correction
and make human review more efficient. At present, DNA sequencing is
typically performed using the enzymatic  dideoxy chain-termination
method of Sanger (Sanger et al. 1977, Proc. Natl. Acad.  Sci.
74:5463-5467) in automated sequencers such as the Applied Biosystems
(ABI,  Norwalk, Connecticut) 3730x1 DNA Analyzer, the 3730 DNA
Analyzer, the ABI  PRISM 3100 Genetic Analyzer, the 3100-Avant
Capillary DNA sequencer /  genotyper, or the 310 Capillary DNA
Sequencer/Genotyper. Such sequencers can  produce sequence data
listing more than one thousand bases. One starts with a DNA  template of
interest and an oligonucleotide primer complementary to a specific site on
the template strand. For each of the four bases (A, G, C, T), a reaction is
carried out in  which DNA polymerase synthesizes a population of labeled
single-stranded  fragments of varying lengths, each of which is
complementary to a segment of the  template strand and extends from the
primer to an occurrence of that base. These  fragments are then
separated according to length by gel electrophoresis, whereupon  their
relative sizes, together with the identity of the final base of each fragment,
allow  the base sequence of the template to be inferred. In automated
sequencing (Smith et al. 1986, Nature 321:674-679), the  I fragments are
labeled with fluorescent dyes attached either to the primer (dye primer
chemistry) or to the dideoxy chain-terminating nucleotide (dye terminator
chemistry)  (Prober et al. 1987, Science 238:336-341). Typically, a
different dye is used for each  of the four reactions, so that they can be
combined and run in a single gel lane (in the  case of dye-terminator
chemistry, this also allows all four reactions to be carried out  in a single
tube). For example, one such application employs laser excitation and a
cooled CCD (charged coupled device) detector (Kostichka and Smith,
U.S. Pat. No.  



5,162,654) for the parallel detection of four fluorescently labeled DNA
sequencing  reactions during their electrophoretic separation in ultrathin
(50-100 microns)  denaturing polyacrylamide gels (Kostichka et al.,
Bio/Technology 10:78-81 (1992)).  Weiss et a1. (U.S. Pat. No. 5,470,710)
describes another fluorescence-based  sequencing application, using an
enzyme linked fluorescence method for the detection  of nucleic acid
molecules. See also United States Patent No. 6,596,140, which is
directed to a multi-channel capillary electrophoresis device and method.
Typically, multiple templates (e.g., 36 or more at a time) are analyzed in
separate lanes on the same gel. At the bottom of the gel, a laser excites
the  fluorescent dyes in the fragments as they pass, and detectors collect
the emission  intensities at four different wavelengths. The laser and
detectors scan the bottom of  the gel continuously during electrophoresis
in order to build a gel image in which  each lane has a ladder-like pattern
of bands of four different colors, each band  corresponding to the
fragments of a particular length. Computer analysis is then used to
convert the gel image to an inferred base  sequence (or read) for each
template. Typically, this analysis consists of four distinct  steps: lane
tracking, in which the gel lane boundaries are identified; lane profiling, in
which each of the four signals is summed across the lane width to create
a profile, or  set of "traces", providing a set of four arrays indicating signal
intensities at several  thousand uniformly spaced time points during the
gel run; trace processing, in which  signal processing methods are used to
deconvolve and smooth the signal estimates,  reduce noise, and correct
for dye effects on fragment mobility and for long-range  electrophoretic
trends; and base-calling, in which the processed traces are translated  into
a sequence of bases. As used herein, the term "trace" refers to a
time-resolved separation pattern  obtained by chromatography for a
particular compound, such as a nucleotide. This  separation pattern is
characterized by a plurality of datapoints in which each 2 respective
datapoint in the plurality of datapoints represents a signal amplitude at a
position in the separation pattern corresponding to the respective
datapoint. The value  of a given datapoint is determined by a function of
an amount of the compound  corresponding to the trace that is sensed by
the detector at the point in time  represented by the datapoint. In typical
nucleic acid sequences, for example, the  abundance of a base
represented by a trace at each datapoint will vary. Datapoints in  which
the compound represented by the trace is not present, will typically be
assigned  relatively small signal amplitudes. Conversely, datapoints in
which the compound  represented by the trace is present, will typically be
assigned relatively large signal  amplitudes. Thus, a pattern of datapoints
having relatively small amplitudes and  datapoints having relatively large
amplitudes gives rise to "peaks" in the trace. In  some embodiments, a
trace has more than five datapoints, more than 100 datapoints,  



or more than 1000 datapoints. In some embodiments, a trace has
between two and  100,000 or more datapoints. Processed traces for
nucleic acid sequences are usually displayed in the form  of
chromatograms consisting of four curves of different colors, each curve
representing the signal for one of the four bases and drawn left to right in
the direction  of increasing time to detection (increasing fragment size). An
idealized trace consists  of evenly spaced, nonoverlapping peaks, each
corresponding to the labeled fragments  that terminate at a particular base
in the sequenced strand. Thus, for nucleic acids,  there will be four traces,
with each trace representing a unique nucleotide. Real traces  deviate
from this ideal for a variety of reasons, including possible imperfections in
the  sequencing reactions, gel electrophoresis and trace processing. Due
to the anomalous  migration of very short fragments (caused by relatively
greater effects of the dye and  specific base sequence on mobility) and
unreacted dye - primer or dye - terminator  molecules, the first fifty or so
peaks of a trace are often noisy and unevenly spaced.  Toward the end of
the trace, the peaks become progressively less evenly spaced as a  result
of less accurate trace processing, less resolved as diffusion effects
increase and  the relative mass difference between successive fragments
decreases, and more  difficult to distinguish from noise as the number of
labeled fragment molecules of a  given size decreases. In particular,
poorly resolved peaks for the same base may yield  a single broad, often
lumpy peak. In better resolved regions of the trace, the most commonly
seen  electrophoretic anomalies are compressions (Sanger and Coulson
1975, J. Mol. Biol.  3 94:441-448; Sanger et at, 1977, Proc. Natl. Acad.
Sci. 74:5463-5467), which occur  when bases near the end of a
single-stranded fragment bind to a complementary  upstream region,
creating a hairpin-like structure that migrates through the gel more  rapidly
than expected from its length, thus causing a peak to be shifted away from
its  expected position. This can result in one peak being beneath another,
or in two  successive peaks for the same base being merged into one.
Dye-terminator chemistry  appears to resolve most compressions (Lee et
at 1992, Nucleic Acids Res. 20:2471- 2483) but this chemistry has its own
data quality problems caused by reduced  polymerase affinity for the
dye-labeled terminal nucleotide. The goal of base-calling software is to
produce a sequence as accurate as  possible in the face of the above
data problems. As used herein, the term "base- calling" refers to the
process of determining the identity of a nucleotide base in a  nucleic acid
sequence. Some of the earliest base-calling software was part of the
processing software  installed on the first ABI sequencing machines
(Connell et at, 1987, BioTechniques  5:342-348). That ABI software is
often used as a benchmark by which other methods  are judged. Although
full algorithmic details have not been published, according to  



an ABI description of its base-calling software (ABI 1996), the program
uses mobility  curves to predict the peak spacing, and identifies the most
likely peak in intervals of  the nominal peak spacing, assigning an N in the
absence of a good choice. Subsequently, the ABI software adds and
removes bases using a criterion involving  the uniformity of peak spacing.
The advent of high volume sequencing has prompted development of
other  base-calling software programs (Giddings et at, 1993, Nucleic Acids
Res 21:4530- 4540; Golden et at, 1993, in Proceedings of the First
International Conference on  Intelligent Systems For Molecular Biology,
Hunder et at eds, pp, 136-144, AAAI  Press, Menlo Park, California;
Golden et at, 1995 in Evolutionary programming W.  Proceedings of the
Fourth Annual Conference on Evolutionary Programming, 579- 601;
Bemo, 1996, Genome Research 6:80-91). These programs all perform
multiple  gel image processing steps including base-calling, and have the
merit of allowing  efficient centralized processing of the data on a
computer independent of the  sequencing machine. However, none of
these software programs identify  heterozygous peaks in traces in a
satisfactory manner. The ABI base-calling software that is available for
ABI sequencers can  4 reliably identity approximately half of the available
bases. The remaining half  typically contains a large number of errors that
are either discarded or must be  manually corrected by an operator. Work
has been done to try and improve upon the  accuracy of the ABI
base-calling software. For example, Ewing et at, 1998, Genome  Res.
8:175-185 describe a base-calling program named phred for automated
sequencer traces that achieves a lower error rate than the ABI software.
Phred  averages between 40 percent to 50 percent fewer errors than the
ABI software in test  data sets examined independent of position in read,
machine running conditions, or  sequencing chemistry. Although the
above-identified software programs represent important  accomplishments
in their own right, they do not satisfactorily base-call heterozygous  nucleic
acid samples. Each sequencing trace taken from a heterozygous DNA
sample  (e. g., a human DNA sample) is the product of a sequencing
reaction on two physical  chromosomes, the maternally derived
chromosome and the corresponding paternally  derived chromosome. For
example, consider the case in which a region of human  chromosome IV
is to be sequenced. Primers prepared for this sequencing reaction  bind to
both the maternally derived chromosome IV and the paternally derived
chromosome IV. Thus, a mixture of the nucleic acid sequence from the
maternally  derived and the paternally derived chromosome IV is
sequenced. Unlike the case of  DNA samples from controlled mouse
crosses (where both chromosomes are the same  because the parents
are inbred), the maternally derived human chromosome IV and  the
paternally derived human chromosome have points where they differ. That
is,  



there are many heterozygous points (base positions) in the chromosomes
where there  are different alleles at corresponding positions on the
maternally derived and  paternally derived chromosomes. At each point
where there is heterozygosity  between corresponding base positions hi
the maternally derived and paternally  derived chromosomes, two peaks
will arise in the trace, one for each of the  nucleotides. In humans,
approximately one in every 500 to 1000 bases has this  heterozygosity.
Conventional base-calling software does not satisfactorily identify  such
double peaks. Rather, such peaks are typically designated as "not read."
The base-calling program TraceTuner (Paracel, Pasadena, California)
does  have some capability for detecting and recognizing heterozygous
bases. However, the  heterozygous base recognition algorithms of
TraceTuner are unsatisfactory because  they require manual intervention.
Accordingly, the art still needs improved systems  5 and methods for
automatically recognizing heterozygous base pairs in heterozygous
nucleic acid samples. SUMMARY OF THE INVENTION The present
invention addresses the shortcomings of the prior art. Novel  systems and
methods for detecting polymorphisms in trace sequence data collected
from heterozygous samples are disclosed. Using a rule-based system,
double peaks in  trace sequence data are detected, and each of the peaks
in such double peaks are  characterized. Information about characterized
double peaks is used to create paired  homozygous trace sequences from
the heterozygous trace sequence data. The paired  homozygous trace
sequence data can then be base-called using conventional base- calling
software such as ABI sequencing software, Phred, or Trace-Tuner. The
inventive methods and systems are highly advantageous because they
allow for the automated sequencing of heterozygous DNA. In this regard,
the present  invention removes the needs for human interpretation of
double peaks in traces. Such  human interpretation is prone to error due
to its inherently subjective nature. Using  the techniques of the present
invention, heterozygous traces are automatically  converted to a pair of
homozygous base traces using a rule-based system. The techniques of
the present invention have wide applicability for genotyping  heterozygous
nucleic acid samples. For example, one known technique for validating
the linkage between a locus in a specific region of genomic DNA to a
particular  disease trait is to sequence the specific region of DNA from
samples taken from each  member of a cohort population chosen to study
the disease trait. Polymorphisms  discovered in this cohort population are
then tested (either individually or in the form  of a haplotype) to see
whether they associate with the disease. The detection of such  an
association validates the hypothesis that the locus in the subject region of
genomic  DNA is linked to the disease. The problem with this known
technique is that  conventional techniques for identifying the
polymorphisms necessary to perform the  



requisite association studies are labor intensive and expensive. Such
polymorphisms  typically show up as double peaks in sequence traces,
and conventional base-calling  software has no automated way of reliably
sequencing such double peaks. Thus,  subjective human intervention is
required to characterize such peaks and thereby 6 identify
polymorphisms. The present invention removes the subjective, labor
intensive step of  identifying polymorphisms. Using the systems and
methods of the present invention,  heterozygous nucleic acid samples
from a cohort population can be automatically  sequenced in order to
identify single nucleotide polymorphisms (SNPs) or other forms  of
polymorphisms (markers). Then, each of these SNPs (or other forms of
markers)  can be tested in association analyses to determine whether the
SNP (or other forms of  markers) associates with the disease under study.
In addition to dramatically reducing  the cost of association studies, the
systems and methods of the present invention can  be used generally in
other fields, such as, for example, general SNP discovery,  diagnostics,
and forensics. In the specification and claims, reference is made to
chromatograms (for  example as illustrated in Figs. 4 and 5) having
multiple traces, and having datapoints  assigned along the long linear axis
of the chromatogram. It should be understood that  the chromatogram
need not be provided or represented in this form, nor does it need  to
include four traces combined and aligned in one entity. Thus, a
"chromatogram"  within the broadest scope of the invention includes, for
example, a data file specifying  a signal amplitude of a nucleotide
measurement associated (or capable of being  associated) with a
positional indication (i.e., a "datapoint"). The chromatogram may  include
a plurality of separate files, each specifying the signal amplitudes of one
or  more nucleotides, which may be combined and normalized to provide
a complete set.  The signal amplitude is preferably proportional to the
concentration of nucleotide  detected, but need not be exact. One
embodiment of the present invention provides a method of processing an
input nucleic acid chromatogram having a plurality of substantially
simultaneous  traces. In the method, for each of one or more respective
peaks in a first trace in the  plurality of traces, a datapoint having a
maximum value in the respective peak is  marked. Also, for each of one or
more respective peaks in a second trace in the  plurality of traces, a
datapoint having a maximum value of the respective peak is  marked. A
coordinate is identified in the input nucleic acid chromatogram that is
within an overlap threshold number of datapoints of (i) a first datapoint
having a  maximal value in a first peak in the one or more peaks in the first
trace and (ii) a  second datapoint having a maximum value in a second
peak in the one or more peaks  in the second trace. Finally, the first peak
is outputted to a first output homogenous 7 



representation and the second peak is outputted to a second output
homogenous  representation. In some embodiments, the overlap
threshold number is between two  datapoints and seven datapoints and in
some embodiments the overlap threshold  number is three datapoints. In
some embodiments, the input chromatogram is in an ABI trace file format,
a SCF file format, a ZTR file format, or an ALF file format. In some
embodiments,  the first output homogenous representation and the
second output homogenous  representation are each written in an ABI
trace file format, a SCF file format, a ZTR  file format, or an ALF file
format. In some instances, when there is more than a  threshold number
of peaks in the input chromatogram in a predetermined region about  the
coordinate, the coordinate is not split into separate chromatograms and
the first  peak and the second peak are each written to the first output
homogenous  representation and the second output homogenous
representation. In some  embodiments, the threshold number of peaks is
between two peaks and five peaks. In  some embodiments the
predetermined region is between 2 datapoints and 20  datapoints about
the coordinate. In some embodiments, when a ratio between the first
datapoint of the first  peak and the second datapoint of the second peak is
greater than a threshold ratio  value, the first peak and the second peak
are each written to the first output  homogenous representation and the
second output homogenous representation. In  some cases, the threshold
ratio value is at least 0.2 or at least 0.4. In some  embodiments, when a
ratio between the first datapoint of the first peak and the second  datapoint
of the second peak is greater than a threshold ratio value, the first peak
and  the second peak are each written to the first output homogenous
representation and  the second output homogenous representation. In
some embodiments, the input nucleic acid chromatogram represents a
nucleic acid sequence from a heterozygous nucleic acid sample and the
method  firrther comprises scanning the input nucleic chromatogram for a
point of insertion or  deletion in the heterozygous nucleic acid sample.
When a point of insertion or  deletion is found, all regions after the
insertion or deletion are written to both the first  output homogenous
representation and the second output homogenous representation.  In
some instances, the scanning for an insertion or deletion comprises
counting a  number of peaks that occur in the plurality of traces after a
given coordinate. When  the number of peaks exceeds an
insertion/deletion threshold number, the coordinate is 8 determined to be
the point of insertion or deletion in the heterozygous nucleic acid  sample.
In some embodiments, the insertion/deletion threshold number is between
25  and 75. In other embodiments, the insertion/deletion threshold number
is between 75  and 200. In some embodiments, the method further
comprises generating a common  



peak profile for a plurality of peaks in the input nucleic acid chromatogram,
and, prior  to outputting to output homogenous representations, checking
the first peak or the  second peak against the common peak profile. In
some embodiments, the common  peak profile is generated by (i)
determining the average number of datapoints in the  peaks in the input
nucleic acid chromatogram; and (ii) averaging a profile of all or a  portion
of the peaks in the input nucleic acid chromatogram that have the average
number of datapoints, thereby forming the common peak profile. In some
embodiments, the checking comprises determining whether a value of a
test datapoint  in the first peak or the second peak exceeds, by an error
percentage, a value of the  datapoint in the common peak profile that
corresponds to the test datapoint. In some  instances, the error
percentage is between about 0.01 and about 0.4. In some  instances, the
error percentage is about 0.1. Another aspect of the invention provides a
computer program product for use  in conjunction with a computer system.
The computer program product comprises a  computer readable storage
medium and a computer program mechanism embedded  therein. The
computer program mechanism is capable of processing an input nucleic
acid chromatogram having a plurality of substantially simultaneous traces.
The  computer program mechanism comprises instructions for marking
(A), for each of one  or more peaks in a first trace in the plurality of traces,
a datapoint having a maximum  value in the peak. The computer program
mechanism further comprises instructions  for marking (B), for each of one
or more peaks in a second trace in the plurality of  traces, a datapoint
having a maximum value of the peak. The computer program  mechanism
further comprises instructions for identifying a coordinate in the input
nucleic acid chromatogram that is within an overlap threshold number of
datapoints of  (i) a first datapoint having a maximal value in a first peak in
the one or more peaks in  the first trace and (ii) a second datapoint having
a maximum value in a second peak in  the one or more peaks in the
second trace. The computer program mechanism further  comprises
instructions for outputting a representation of the first peak to a first output
source and a representation of the second peak to a second output
source. 9 Still another aspect of the invention provides a computer
system. for  processing an input nucleic acid chromatogram having a
plurality of substantially  simultaneous traces, the computer system
comprising a central processing unit, and a  memory coupled to the
central processing unit. The memory stores an input nucleic  acid
chromatogram and a program module. The program module comprises
instructions for marking (A), for each of one or more peaks in a first trace
in said  plurality of traces, a datapoint having a maximum value in said
peak. The program  module further comprises instructions for marking (B),
for each of one or more peaks  in a second trace in the plurality of traces,
a datapoint having a maximum value of the  peak. The program module
further comprises instructions for identifying a coordinate  



in the input nucleic acid chromatogram that is within an overlap threshold
number of  datapoints of (i) a first datapoint having a maximal value in a
first peak in the one or  more peaks in the first trace and (ii) a second
datapoint having a maximum value in a  second peak in the one or more
peaks in the second trace. The program module  further comprises
instructions for outputting a representation of the first peak to a first
output source and a representation of the second peak to a second output
source. Still another aspect of the invention provides a computer program
product for  use in conjunction with a computer system. The computer
program product  comprises a computer readable storage medium and a
computer program mechanism  embedded therein. The computer program
mechanism processes an input nucleic acid  chromatogram having a
plurality of traces. The computer program mechanism  comprises a trace
split routine. The trace split routine comprises instructions for  outputting
the first peak from a first trace in the input nucleic acid chromatogram to a
first output homogenous representation and a second peak, occurring in a
second trace  in the input chromatogram at a datapoint that corresponds
to the first peak, to a second  output homogenous representation, In some
embodiments, the second peak  corresponds to the first peak when a
coordinate in the input nucleic acid  chromatogram is within an overlap
threshold number of datapoints of a first datapoint  having a maximal
value in the first peak and (ii) a second datapoint having a  maximum
value in the second peak. In some embodiments, the overlap threshold
number is between two datapoints and seven datapoints. 10 BRIEF
DESCRIPTION OF THE DRAWINGS FIG. 1 illustrates a computer system
for detecting and characterizing  heterozygosity in nucleic acid sequence
tracings in accordance with one embodiment of  the present invention.
FIGS. 2A-2D illustrate the processing steps for detecting and
characterizing  heterozygosity in nucleic acid sequence tracings in
accordance with one embodiment of  the present invention. FIG. 3
illustrates trace sequence data structures that are created in accordance
with one embodiment of the present invention. FIG. 4 illustrates an input
chromatogram and two exemplary homogenous  representations that are
created based upon the input chromatogram using the methods  of the
present invention. FIG. 5 illustrates an input chromatogram and two
exemplary homogenous  representations that are created based upon the
input chromatogram using the methods  of the present invention. Fig. 6
illustrates an application that uses the processing steps of Fig. 2 to
validate the association of a locus with a disease of interest. Fig. 7
illustrates the exon structure of human gene HRMTIL3. Each vertical  



bar represents an exon, and the short horizontal lines at the bottom
indicate genomic  regions covered by PCR amplification. Like reference
numerals refer to corresponding parts throughout the several  views of the
drawings. DETAILED DESCRIPTION OF THE INVENTION  COMPUTER
PROGRAM LISTING APPENDIX A Computer Program Listing has been
appended as pages 37 to 66 in the  1I present application. The size of the
Computer Program Listing Appendix, the date of  creation, the time of
creation, and the file name is found in Table 1 below. In Table 1,  the size
of the file, in bytes, is provided in column one. Columns two and three
respectively represent the date and time of file creation while the fourth
column  represents the name of the file. Table 1. Contents of the
Computer Program Listing Appendix  Size Date of Time File Name
Creation of Creation 46,000 12-14-03 10.27 pm Splitrace.c  The Computer
Program Listing Appendix disclosed in Table 1, and the  contents of the
filename contained therein, is hereby incorporated by reference in its
entirety. The present invention is directed toward automating the process
for  sequencing heterozygous nucleic acid sequence chromatograms. A
rule-based system  is used to interpret such chromatograms. For each
input heterozygous chromatogram,  two output homogenous
representations are created. In cases where a double peak is  found in the
input chromatogram, the systems and methods of the present invention
place one of the peaks in the first homogenous representation and the
second peak in  the second homogenous representation. In this way,
homogenous representations  (e.g., two homozygous chromatograms or
two homogenous sequences) are  automatically created for each input
homozygous chromatogram without need for  human subjective
interpretation. Thus, the methods of the present invention  dramatically
increase the efficiency by which polymorphisms can be detected in
heterozygous nucleic acid tracings. As such, the methods of the present
invention  have wide applicability in 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; 12  a main non-volatile storage unit 30, for
example a hard disk drive, for  



storing software and data, the storage unit 30 optionally controlled by
storage controller 28;  a system memory 24, preferably high speed
random-access memory  (RAM), for storing system control programs,
data, and application  programs, including programs and data loaded from
non-volatile  storage unit 28; system memory 24 may also include
read-only  memory (ROM);  a user interface 26, including one or more
input devices (e.g., keyboard  8, mouse 36) and a display 38 or other
output device;  optionally, a network interface card 39 for connecting to
any wired or  wireless communication network and/or to a sequencer (not
shown);  and  an internal bus 34 for interconnecting the aforementioned
elements of  the system. Operation of system 10 is controlled primarily by
operating system 40, which  is executed by central processing unit 22.
Operating system 40 can be stored in  system memory 24. In a typical
implementation, system memory 24 includes:  operating system 40;  file
system 42 for controlling access to the various files and data  structures
used by the present invention; and  Split-trace main module 44 for splitting
a heterozygous input  chromatogram 46 into two homozygous output
representations (e.g.,  chromatograms 52A and 52B, respectively).
Split-trace main module 44 reads in input chromatogram 46 and splits it
into  output homogenous representations (e.g., chromatograms 52A and
52B) using novel  methods of the present invention. In general, DNA
fragments are labeled with  fluorescent dye, and the four different
nucleotides are labeled with four different dyes.  These labeled DNA
fragments are passed through a capillary while a fluorescent  detector
reads the fluorescent signal along the capillary for each fluorescent dye: at
each time coordinate along the capillary, there will be four different
fluorescent signal  reads, each read corresponding to one of the four
possible nucleotides. Thus, input  chromatogram 46 includes four arrays
of fluorescent signal reads (traces), namely 13 trace 1 (48-1), trace 2
(48-2), trace 3 (48-3), and trace 4 (48-4), where each trace  uniquely
represents one of the four possible nucleotides (adenosine, thymine,
cytosine, guanine). In the embodiment illustrated in Fig. 1, split_trace main
module 44 includes a  number of subroutines (submodules). These
submodules include scan trace module  56, which scans each of traces
48-1, 48-2, 48-3, and 48-4 and determines the peak  positions and peak
spacing in each of these traces. Traces 48 include a plurality of  



datapoints and an intensity value for each such datapoint. Each trace
typically  consists of several thousand datapoints.. For each trace 48,
there is a corresponding  trace status data structure 50 which stores a
status value for each datapoint in the trace  represented by the data
structure. Split_trace main module 44 further includes
mark_valid_peak_range routine 62 for (i) evaluating the quality of the four
traces in  input chromatogram 46, (ii) marking the initial datapoint in these
traces that denotes  the start of acceptable data, and (iii) marking the final
datapoint in these traces that  denotes the end of acceptable data.
Split-trace main module 44 further includes  profile routine module 64 for
building the common peak profile for peaks in each  scan. Such profiles
are used, for example, to reconstruct the portions of overlapped  double
peaks that are missing due to overlap with neighboring peaks. Split-trace
main module 44 further includes calc_avg_background_peak routine 66
for  calculating the average background in input traces 48 as well as trace
split routine 68  for writing out homozygous output homogenous
representations (e.g., chromatograms  52A and 52B). Fig. 2 illustrates a
method for splitting a heterozygous input chromatogram 46  into two
output homozygous representations (e.g., chromatograms 52A and 52B),
in  accordance with an exemplary embodiment of the present invention,
will be described. In one embodiment of the present invention, the steps
depicted in Fig. 2  are performed by split_trace main module 44 in
conjunction with various routines  called by module 44. Step 202. In step
202, input chromatogram 46 is read. Input chromatogram  46 can be read
from any sequencer that uses four different color dyes or fluorescent  tags
to distinguish between the four possible bases. Exemplary sequencers
include  but are not limited to the sequencers listed in Table 2 below. 14
Table 2. Exemplary DNA sequencers Company Model  Applied
Biosystems (ABI, Norwalk, 3730, 3730x1 DNA Analyzer  Connecticut) ABI
PRISM 3100 Genetic Analyzer  3100-Avant Capillary DNA sequencer /
genotyper Capillary DNA Sequencer/Genotype  ABI PRISM 377 DNA
Sequencer  ABI 3700 DNA Sequencer Amersham Pharmacia Biotech
(Uppsala, MegaBACE 500, 1000 and 4000; ALF  Sweden) DNA
Sequencer Beckman Coulter, Inc. (Fullerton, CEQ 8000, 8800, 2000XL
DNA  California) Sequencer system 



Input chromatogram 46 is in any kind of data format that provides
chromatogram  trace amplitudes. Typically, input chromatogram 46
comprises trace amplitudes, the  base calls, their confidence values, and
optional textual data about the particular  sequencing experiment such as
its chemistry, sequencing machine type and operating  conditions. A list of
common textual data associated with individual trace files is  provided at
the National Center for Biotechnology Information trace repository
(http://www.nebi.nlm.nih.gov/Traces). In one embodiment, input
chromatogram is an ABI trace file, such as a trace  file in the ABI 377 file
format. For a description of the ABI 377 file format, see  "Raw Data File
Formats, and the Digital and Analog Raw Data Streams of the ABI
PRISM 377 DNA Sequencer," Clark Tibbetts, www-2.c2.cmu.edu/afs/cs/
project/www/Papers,clark.html. In some embodiments, input
chromatogram 46 is in  the SCF format. SCF formatted files contain the
data for a single reading and include  its trace sample points, its called
sequence, the positions of the bases relative to the  trace sample points,
and numerical estimates of the accuracy of each base. The SCF  file
format is machine-independent, and a version of this file format is
described in  Dear and Staden, 1992, DNA Sequence 3:107-110. 15 In
some embodiments, input chromatogram 46 is in the ZTR compressed file
format. For more information on the ZTR file format, see Bonfield et al.,
1995,  Nucleic Acids Res. 23:4992-99. In some embodiments, input
chromatogram 46 is an  ALF formatted file. ALF is a file format developed
by Amersharn Pharmacia Biotech  (Uppsala, Sweden) for storing
sequence information from sequencers. Regardless of the specific file
format of input chromatogram 46, each of the  four traces within the
chromatogram are respectively separated into data structures  48-1, 48-2,
48-3, and 48-4 (Fig. 1). At a minimum, a trace 48 includes a series of
datapoints and an amplitude for each datapoint. Ideally, each base in a
subject nucleic  acid (the nucleic acid that is being sequence) is
represented by a single datapoint in  each of the four traces. Datapoints in
each of traces 48-1, 48-2, 48-3, and 48-4 are  said to correspond if they
represent the same base position in a subject nucleic acid  sequence. For
each datapoint in a given trace 48, there is an indication of the intensity  of
the dye that corresponds to the given trace 48 at the position represented
by the  datapoint. In the upper panel of Fig. 3, exemplary data for traces
48-1 and 48-2  include ten corresponding datapoints and their respective
intensity values. Each row  in the upper panel of Fig. 3A can be
considered a datapoint or coordinate of input  chromatogram 46. Typically,
in cases where the sequenced nucleic acid is either (i) not  heterozygous,
or (ii) is heterozygous but has been taken from an organism in which  the
corresponding maternal and paternal chromosomes are identical, only one
of the  four corresponding datapoints in the traces will register as a "peak".
However, as  



illustrated by datapoint number 6 in the upper panel of Fig. 3, in cases
where  heterozygous DNA has been sequenced there will be datapoints at
which the  maternally-derived and paternally-derived chromosome do not
have the same base  pair, and thus two of the four traces will register a
"peak" at the datapoint representing  this mismatched base pair. For
example, consider the case in which a region on  human chromosome 3 is
being sequenced. In the case of heterozygous DNA samples,  it is
possible for arbitrary base position 229 on the maternally-derived
chromosome 3  to have the base "G" while the corresponding base
position on the paternally-derived  chromosome 3 has the base "C". When
the base position is sequenced, both the  datapoint in the trace that
represents the dye for the base "G" and the datapoint in the  trace that
represents the dye for the base "C" will register a peak. This situation is
illustrated in Fig. 4. In chromatogram 402 of Fig. 4, position 229 (box 408)
includes a 16 double peak. Thus, when chromatogram 402 is read,
datapoint 229 of two different  traces 48 will include a peak. The remaining
steps in Fig 2 show how such double  peaks can be resolved and split into
homozygous "daughter" chromatograms 52 that  can then be sequenced
on an automated basis without the requirement for subjective  human
interpretation. Step 204. In step 204, each of the four traces 48 is scanned
using scan trace  module 56. Scan trace module 56 includes two routines,
peak_size routine 58 and  is_peak routine 60. Peak-size routine 58 helps
determine the most common peak  spacing in each of traces 48. Routine
58 accomplishes this task by evaluating each  datapoint in a trace 48 to
see if it is the beginning of a peak. If peak_size routine 58  determines that
a given datapoint in a trace 48 is the beginning of a peak, then the  routine
determines how many datapoints are in the peak and this number of
datapoints  is recorded in the corresponding trace status data structure 50
representing the trace  48. Upper panel of Fig. 3 illustrates. In both traces
48-1 and 48-2, a peak spanning  six datapoints begins at datapoint
number four. Peak-size routine 58 detects this  peak, counts the number
of datapoints in the peak, and stores the datapoint peak count  in the trace
status array 50 uniquely corresponding to the respective traces (trace
status arrays 50-I and 50-2, respectively) at the data element representing
datapoint 4  (the beginning of the peak). Information about the most
common peak spacing in  each trace 48 is subsequently used by the
split-trace main module 44 to properly  characterize trace 48 and search
for double peaks in such traces. While peak-size routine 58 is directed to
determining peak spacing, is_peak  routine 60 is directed to precisely
identifying the maximum value of each peak, i.e. the peak position or
amplitude. Is-peak routine 60 evaluates each datapoint in each of  the four
traces 48. For each such datapoint, is_peak routine 60 determines if the
datapoint is the maximum value of a peak. If so, is_peak routine 60
assigns the  datapoint the status "TRACE_STATUS_PEAK." Otherwise,
is_peak routine 60  



assigns the datapoint the status "TRACE _STATUS _NOTHING." Again,
the upper  panel of Fig. 3 illustrates. In Fig. 3, is_peak routine 60 has
assigned each datapoint in  scans 48-1, and 48-2 that is not a peak the
value "NP", which is equivalent to  TRACE_STATUS_NOTHING, if the
datapoint is not a peak. Further, is_peak  routine 60 has assigned the
peak that occurs at datapoint 6 in traces 48-1 and 48-2 the  17 value "PE",
which is equivalent to "TRACE_STATUS_PEAK". These designations  are
used by split-trace main module 44 in subsequent processing steps. Step
206 In traces 48 produced by typical sequencers, the quality of the
datapoints at the beginning and the end of the traces is typically not
reliable. Thus, in  step 206, mark_valid_peak_range routine 62 marks the
initial point in a given trace 48  where reliable data begins and the final
point in the given trace 48 where reliable data  ends. In some
embodiments, mark_valid_peak_range routine 62 finds the beginning  of
the valid peak range of a given trace by automatically ignoring an initial
predetermined number of datapoints (IGNORE DATA INIDEX) in the
trace. Then,  routine 62 looks for the IGNORE-START-PEAK-NUM peak
to occur after the  initial predetermined number of datapoints have been
discarded. For example, if  IGNORE-DATA-INDEX is fifty and IGNORE -
START-PEAK-NUM is 10,  mark_valid_peak_range routine 62 discards
the first fifty datapoints and then looks  for the tenth peak to occur after the
first fifty datapoints are discarded. Routine 62  identifies peaks by looking
for the "TRACE STATUS PEAK" designation in the  appropriate trace
status data structure 50. Recall that such peak designations were  made
by is_peak routine 60 in processing step 204 above. The initial number of
datapoints (IGNORE _DATA_INDEX) and peaks
(IGNORE_START_PEAK_NUM)  that are discarded can be user defined.
In one example, between zero and 300 initial  datapoints are discarded
and between 0 and 25 initial peaks are discarded in order to  mark the
valid peak start. The method used to identify the last peak in the valid
peak range works much  the same way as the process used to identify the
initial valid peak. A predetermined  number of terminal datapoints in each
scan are ignored. Then, routine 62 counts  peaks from the terminal end of
each scan (excluding the terminal ignored peaks) until  a predetermined
number of peaks (IGNORE_END PEAK NUM) have been  discarded. For
instance, in the case where IGNORE _DATA _INDEX is fifty and
IGNORE_END_PEAK_NUM is ten, the last fifty datapoints are ignored
and then the  tenth peak from the end of the scan, excluding the last fifty
datapoints, is designated  as the terminal end of the valid data range. The
terminal number of datapoints  (IGNORE DATA_INDEX) and peaks
(IGNORE END_PEAK_NUM) that are  discarded in order to find the end
of the valid range of a given trace 58 can be user  defined. In one
example, between zero and 300 final datapoints are discarded and 18 



between 0 and 25 final peaks are discarded in order to mark the end of
valid peak  data. Step 208. In step 208 profile routine 64 first determines
the most common  peak spacing for the peaks found in the four traces 48.
Here, the term "peak spacing"  means the number of datapoints that are in
a peak. Thus, the first goal of step 208 is  to identify the most common
peak spacing for the peaks of traces 48. This is  accomplished using the
information in status data structures 50. Recall that in step  204, peak size
routine 58 identified the peak spacing for each peak in traces 48 and
placed this information at the start of each such peak in the corresponding
status data  structures 50. In step 208, this peak spacing information is
reviewed to identify the  most common peak spacing. In some
embodiments, peaks that are less than a  minimum peak space (e.g., 10
datapoints) or greater than a maximum peak space  (e.g., 50 datapoints)
are ignored when determining the most common peak spacing. The
purpose of finding the most common peak spacing is so that a profile with
this most common peak spacing can be created. This profile is used in
subsequent  processing steps to ensure that single peaks reconstructed
from double peaks do not  deviate too much from the model profile. Those
of skill in the art will appreciate that  there are many different ways of
developing a model peak profile, and all such  methods are within the
scope of the present invention. In one embodiment, each peak  in the four
traces 58 having a peak spacing that is the most common spacing is
averaged together to form a model peak profile. In other words, the profile
represents  a composite of each of the peaks in each of the four traces 48
having the most  common peak spacing. In some embodiments, this
composite is normalized by  dividing each datapoint in the composite peak
by max_value, where max_value is the  intensity value for the datapoint in
the composite peak having the maximum value.  Alternatives to such a
normalization process are numerous. For example, in some
embodiments, the most common peak spacing for each trace 48 is
independently  determined and a profile is developed for each of the four
traces 48 independently. In  some embodiments, profiles are developed
for not only the most common peak  spacing, but also for peak spacings
that are slightly smaller or slightly larger than the  most common peak
spacing. In some embodiments, a check is made to ensure that a  peak
that is selected for profiling is not overlapped with other peaks and that the
peak  is not a double peak before it is used to profile a peak. That is, a
peak is selected for 19 profiling only in the case where the corresponding
datapoints in each of the other  traces 48 are not peaks themselves. Step
210. In step 210, the average background for peaks in input
chromatogram 46 is determined. This is done using the following
algorithm:  100 for each datapoint i in the valid range of datapoints { 102
for each trace 48 { 



104 if datapoint i is a peak then { 106 compare it to the corresponding
maximum peak  value in each of the other traces 48 and, if a
corresponding peak in another trace is larger,  add peak i to the average
background count and increment the number peaks in the count by  one }
} }  108 average background count by the number of peaks contributing to
the  background count Essentially, this algorithm works by identifying the
datapoints that have been labeled  TRACE_STATUS_PEAK (PE) in step
204 above (lines 100 and 102). When such a  datapoint (test datapoint) is
found in one of the traces 48 (line 104), it is compared to  the
corresponding peak in each of the remaining traces. If the test datapoint
has a  value that is less than that of one of the corresponding peaks, the
assumption is made  that the peak is background and its value is added to
the average background count  (line 106). In some embodiments, the test
datapoint must have a value that is less  than the value of a corresponding
peak multiplied by the  MIN_OVERLAP_PEAK_RATIO, in other words:
test datapoint < (conesponding_neak_in_other_trace *
MIN_OVERLAP_RATIO)  where MINT-OVERLAP- RATIO is the minimum
ratio between the maximum  values of two overlapping peaks that is
needed to in order to consider the two peaks to  be overlapping as
opposed to the case where one of the peaks is merely background  and
the other peak is the base signal. In some embodiments, the
MIN_OVERLAP_PEAK_RATIO is 0.6. This means that if there are
overlapping  peaks in input chromatogram 46, they will be treated as
overlapping if the smaller 20 peak has a maximum value that is at least
sixty percent of the maximum value of the  larger peak. Otherwise, if this
condition is not met, the smaller peak is counted as  background in
accordance with the algorithm set forth in lines 102 through 108 above.
The algorithm repeats for each datapoint in the allowed range of
datapoints.  Then, the average background count is divided by the number
of background peaks  contributing to the average background count to
yield the average background count  value. In some embodiments, step
210 is performed by calc_avg_background_peak_routine 66. Step 212. In
step 212, trace data structures 50 are scanned in order to identify  a
coordinate (datapoint) where at least two of the four structures register a
peak within  MAP_OVERLAP_PEAK_GAP of the coordinate. In other
words, an overlapping  



peak arises when, at roughly the same coordinate along the capillary of
the sequencer  (in those sequencers that use a capillary), a peak is
detected on at least two of the four  fluorescent signal scans. Such a
coordinate is a candidate for overlapping peaks. In some embodiments, a
first peak in a first scan is considered overlapped with  a second peak in a
second scan in the input chromatogram 46 when a datapoint having  a
maximum value in the first peak is within a threshold number of datapoints
of the  datapoint having a maximum value in the second peak. In other
words, step 212  seeks to identify a coordinate in input chromatogram 46
that is within an overlap  threshold number of datapoints of (i) a datapoint
having a maximal value in a first  peak in a first trace 48 in chromatogram
46 and (ii) a datapoint having a maximal  value in a second peak in a
second trace 48 in chromatogram 46. In a preferred  embodiment, this
overlap threshold number is three datapoints. That is, the datapoints
having maximal values in the first and second peaks must be within three
datapoints  of each other in the coordinate along the capillary of the
sequencer (in those  sequencers that use a capillary). In other
embodiments, the overlap threshold number  is one datapoint, two
datapoints, four datapoints, between two datapoints and seven
datapoints, eight or more datapoints, or less than 25 datapoints.
Subsequent processing steps test the coordinate identified in this
processing  step to see if a number of rules are satisfied. If the coordinate
does indeed comply  with such rules, then the datapoint having the
maximum value in each of the two  peaks that overlap is labeled as
TRACE_STATUS_OVERLAP_PEAK and the two  peaks are ultimately
spit into separate output chromatogram files 52 or, alternatively, 21 the
peaks are base-called and the nucleotide representation of the peaks is
written to  separate homogenous sequences. In typical embodiments,
coordinates in input  chromatogram 46 are checked by successive
instances of step 212 in a linear fashion,  beginning at one end of the
allowable datapoints in the chromatogram, in order to see  if they contain
an overlapping peak. When overlapping peaks are found at a  coordinate,
process control passes to step 216. Step 216. In some instances,
overlapping peaks are caused artificially when  the peaks in input
chromatogram 46 are too crowded. Thus, in some embodiments of  the
present invention, the region around an identified pair of overlapping
peaks is  checked to determine whether there are too many peaks in the
region. In other words,  a determination is made as to whether there is
more than a threshold number of peaks  in input chromatogram 46 in a
predetermined region about the coordinate identified in  the last instance
of step 212. When there are more than a threshold number of such
peaks, the overlapping peaks identified in the last instance of step 212 are
not split  and they are ultimately written to both output homogenous
representations. Two parameters are typically used in processing step
216: (i) a window size  and (ii) a maximum number of peaks that are
allowed in the window size. For  



example, consider the case in which the window size is seven and the
maximum  number of peaks allowed in this window is three. In step 216,
the coordinate selected  in the last instance of step 212 and the three
datapoints preceding and the three  datapoints following this coordinate
are checked in all four traces 48 (for a total of 7 x  4 = 28 datapoints) and
the number of peaks in these regions is summed. If the number  of peaks
exceeds 3 (216-Yes), then process control passes to step 218 where each
peak in the examined region is flagged as crowded and the peaks in this
region are not  separated into different output homogenous
representations. If the number of peaks in  the region is three or less
(216-No), then the peaks are not flagged as crowded. It will be
appreciated that different window sizes and maximum allowable  peak
threshold in such window sizes can be used. In some embodiments, the
window  size examined in step 216 is between 4 and 8 datapoints,
between 5 and 10 datapoints,  between 2 and 20 datapoints, more than
20 datapoints or less than 50 datapoints. In  some embodiments, the
maximum allowable number of peaks in the window applied  in step 216 is
two peaks, three peaks, four peaks, five peaks, between two peaks and
22 five peaks, between five peaks and ten peaks, more than ten peaks, or
less than 50  peaks. Step 218. Process control passes to step 218 when a
determination is made  that the overlapping peaks identified in the last
instance of step 212 lie in a region of  the chromatogram 46 in which the
peaks are too crowded together. Thus, in order to  prevent a false positive
measurement, such peaks are flagged as crowded and are no  longer
considered peaks. The intensities in such crowded regions are written to
both  output homogenous representations (e.g., chromatograms 52A and
52B). Once  crowded peaks have been flagged as crowded, process
control passes to step 234  below. Steps 220-224. Although DNA from
each of the two chromosomes in  heterozygous DNA samples should be
equal, the maximum values of overlapping  peaks are not always the
same. Many factors affect maximum peak values such as  dye amount,
neighboring interference, etc. Therefore, there is some allowance for
overlapping peaks to have different amplitudes. In some embodiments,
the amount of  allowance tolerated depends on whether the smaller of the
two overlapping peaks is  clean and complete. If the smaller peak is clean
and complete (220-Yes), then the  ratio between the first (smaller) peak
and second (larger) peak can be as small as 0.2  in one embodiment of
the invention (step 222). In some embodiments, the minimum  allowable
ratio when the smaller peak is clean and complete is between 0.1 and
0.95.  In more preferred embodiments, the minimum allowable ratio is at
least 0.2 or at least  0.4. If the smaller of the two overlapping peaks is not
clean and complete (220-No)  then the ratio between the first and second
peaks can only be as small as 0.6 in one  



embodiment of the invention (Step 224). In some embodiments, the
minimum  allowable ratio when the smaller peak is not clean and complete
is between 0.1 and  0.95. In more preferred embodiments, the minimum
allowable ratio is at least 0.2. In  still more preferred embodiments, the
minimum allowable ratio is between about 0.2  and about 0.6. Step 228. If
the overlapping peaks fail to satisfy conditions 220 through 224  (222-No
or 224-No) then process control passes to step 228 where the peaks are
23 labeled as pseudo overlapping peaks. Pseudo overlapping peaks are
written to each of  the homogenous representations (e.g., output
chromatograms 52) in subsequent  processing steps rather than being
split into separate chromatograms. Once the peaks  have been flagged as
pseudo overlapping, process control passes to step 234 below. Step 232.
If the overlapping peaks do satisfy conditions 220 through 224  (222-Yes
or 224-Yes) then process control passes to step 232 where the peaks are
labeled as overlapping peaks (TRACE STATUS_OVERLAP_SPLITTED).
Overlapping peaks are written to separate chromatograms 52 in
subsequent processing  steps. In some embodiments, the overlapping
peaks must satisfy additional rules in  order to be designated as
overlapping peaks. For example, in some embodiments, the  smaller of
the two peaks must be larger than some threshold background level in
order  for the overlapping peaks to be designated as overlapping. If the
smaller of the two  peaks does not satisfy this requirement, then the peaks
are labeled as pseudo  overlapping peaks and they are not split into
separate output homogenous  representations (e.g., chromatogram files
52). Step 234. In step 234, a determination is made as to whether the
complete  valid region of the input chromatogram 46 has been checked for
overlapping peaks.  If not (234-No), process control passes back to step
212 in order to find another  coordinate in which there are candidate
overlapping peaks. Then, steps 216 through  234 are repeated for the new
candidate overlapping peaks in order to determine  whether to label the
candidate overlapping peaks as crowded peaks (peaks are too  crowded),
pseudo overlapping (peaks do not satisfy ratio or background
requirements)  or overlapping peaks. Typically, successive instances of
step 212 retrieve the  coordinates of overlapping peaks from input
chromatogram 46 in a linear order,  progressing from one end of the
chromatogram to the other, until all valid datapoints  have been tested.
However, the present invention is not limited to such an approach  and in
fact, any approach to obtaining overlapping datapoints in successive
instances  of step 212 can be followed so long as all or a portion of the
overlapping peaks are  tested with steps 216 through 234. Step 236. Once
all candidate overlapping peaks have been labeled as pseudo
overlapping, crowded, or overlapping (234-Yes), a new loop through input
24 



chromatogram 46 is performed in order to determine whether there is an
insertion or  deletion. Traces 48 will have numerous peaks marked as
pseudo overlapping or  overlapping beginning at the coordinate where a
deletion or insertion begins in one of  the two chromosomes. Furthermore,
because the chromosomes will no longer align  after the point of insertion
or deletion, there will be more peaks in traces 48 then  would be typically
found if corresponding chromosomes were properly aligned. This
situation is illustrated in Fig. 5. In Fig. 5, an insertion appears at
coordinate 166 of  the heterozygous nucleic acid that is being sequences.
Thus, from coordinate 166 on,  there are numerous peaks in the input
chromatogram (box 508). In step 236, a datapoint i in chromatogram 46 is
selected and subsequently  tested in processing step 238. Step 238. Step
238 checks to make sure that the coordinate identified in the  last instance
of step 236 is not in fact the beginning of an insertion or a deletion in one
of the two corresponding chromosomes in a heterozygous nucleic acid
sample. In one  embodiment of the present invention, the
insertion/deletion check is accomplished  using two different tests. In the
first test, a determination is made as to whether the  number of peaks that
remain in the input chromatogram 46 (or in a certain region of  the input
chromatogram 46) beginning at the coordinate (datapoint) i selected in the
last instance of step 236 exceeds a threshold number peaks. If so
(238-Yes), process  control passes to step 240 where each peak that
follows datapoint i is marked as an  unoverlapped peak. In some
embodiments, the threshold number of peaks that is  permissible in the
remainder of an input chromatogram 46 is between 25 and 75,  between
50 and 100, between 75 and 200, between 150 and 400, or greater than
500. The second test that is used to detect insertions and deletions in a
heterozygous nucleic acid sample considers the type of peaks that are
found in the  remainder of the input chromatogram 46 (or some window of
the input chromatogram  following the datapoint i identified in the last
instance of step 236). If the percentage  of the total number peaks in the
remainder of the input chromatogram 46 that is  overlapping (or
pseudooverlapping) exceeds a threshold percentage (238-Yes) then
process control passes to step 240. In some embodiments, this threshold
percentage is  between two percent and ninety percent. In more preferred
embodiments, this  threshold percentage is between ten percent and fifty
percent. In still other 25 embodiments, this threshold percentage is
between twenty percent and forty percent.  In one preferred embodiment,
the threshold percentage is twenty-five percent. Step 240. Process control
passes to step 240 when a chromosomal insertion or  deletion is detected
at a coordinate (datapoint) i in input chromatogram 46. When this  is the
case, each set of overlapped peaks that had been previously identified as
overlapping is marked as nonoverlapping peaks in step 240. This is done
so that all  data in the input chromatogram, from the point where a
deletion or insertion is first  



detected, is written to both chromatogram files 52A and 52B. In some
embodiments  of the present invention, deletions or insertions are
identified and flagged. Then, an  attempt is made to realign the
chromosomes after the insertions and/or deletions are  accounted for and
flag overlapping peaks in the realigned sequences using the  techniques
outlined in Figure 2. Step 242. If a chromosomal insertion or deletion is
not detected at datapoint i  (238-No), a determination is made as to
whether all datapoints i in input  chromatogram 46 have been assessed
(step 242). If so (242-Yes), process control  passes on to step 244. If not
(242-No), process control passes back to step 236 where,  typically, the
next successive datapoint i in the input chromatogram 46 is selected. Step
244. In the case of heterozygous nucleic acid samples, the detected
signal is contributed to by DNA from both chromosomes, so homozygous
(overlapping) peaks normally have higher values than heterozygous
peaks. Step 244  corrects for this phenomenon by multiplying each
homozygous peak (each peak that  is marked as overlapping) by a
constant. Typically this constant is the factor two. In  some embodiments
the constant is in the range between about 1.1 and about 3.2. Step 246.
The influence of neighboring peaks on overlapped incomplete peaks  is
accounted for in step 246. For each datapoint in an overlapped peak that
exceeds  the common peak profile that was modeled in step 208 (Fig. 2A)
by more than  MAX_PEAK_ERROR, the value of the datapoint is reduced
to the value dictated by  the common peak profile. In preferred
embodiments, MAX PEAK ERROR is 0.1.  In some embodiments,
MAX-PEAK-ERROR ranges between 0.01 to 0.4. Thus, step  246 has the
effect of correcting overlapping peaks in traces 48 by ensuring that their
26 profiles do not deviate by too much from the common peak profile
developed in step  208. Step 248. In step 248, chromatograms 52A and
52B are generated. For each  position that is flagged as TRACE STATUS
OVERLAP PEAK SPLI11TED (that is,  each peak that successfully
remains flagged as overlapping), one of the overlapping  peaks is written
to one of chromatograms 52A and 52B and the other of the overlapping
peaks is written to the other of chromatograms 52A and 52B by trace  split
routine 68. In some embodiments, chromatograms 52A and 52B are
generated in  an ABI trace file format, a SCF file format, a ZTR file format,
or an ALF file format. Fig. 3 illustrates step 248. In the upper panel of Fig.
3, it is apparent that there  is an overlapping peak centered at coordinate
6 in traces 48-1 and 48-2. Assuming  that these peaks satisfy the tests put
forth in Fig. 2 and become labeled as overlapping,  they will be split into
two different output homogenous representations (e.g.  chromatograms
54). Exemplary output homogenous representations, output
chromatograms 52 are illustrated in the lower panel of Fig. 3. In the lower
panel,  output chromatogram 52A receives the peak from trace 48-1 but
not the peak from  



trace 48-2. Correspondingly, output chromatogram 52B receives the peak
from trace  48-2 but not the peak from trace 48-1. Example 1. The
processing techniques in accordance with one embodiment of  the present
invention have now been disclosed. Referring to Fig. 4, a graphic
illustration of the techniques of the present invention is provided. In Fig. 4,
there is  an input chromatogram 402 that includes a double peak at
position 229 (box 408).  Conventional base-calling software has identified
this double peak as cytosine (C).  However, applying the inventive
methods of the present invention to input  chromatogram 402 yields output
chromatograms 404 and 406 in which the double  peak at position 229
has been split into two homozygous peaks, one for each of output
chromatograms 404 and 406. Upon reading output chromatograms 404
and 406, the  conventional base-calling software correctly identifies that
coordinate 229 consists of  a guanine (chromatogram 404; G) and a
cytosine (chromatogram 406; Q. Typically, the input chromatogram 402
contains more than one double peak.  For example, consider the case in
which the input chromatogram is based upon a  heterozygous nucleic acid
sample that includes the sequences: 27 ACGTTTC and  ACCTTAC
Together, these sequences can be represented with the notation
AC(G/C)TT(T/A)C,  where (G/C) represents a first double peak and (T/A)
represents a second double peak  in the chromatogram 402
corresponding to the input sequence. In such instances, the  methods of
the present invention will output one of the two possible homozygous
representations of the heterozygous input: (I) ACGTTTC and ACCTTAC,
or  (II) ACCTTTC and ACGTTAC. In other words, the systems and
methods of the present invention are not designed to  determine the "true"
sequence of the heterozygous sample which, in the example  presented
above, is sequence pair (1). Rather, the intent of the systems and
methods  of the present invention is to generate homozygous
representations of heterozygous  input data so that polymorphisms in the
heterozygous data can be discovered in an  automated fashion. The
homozygous representations can be in the form of, for  example,
homozygous sequences or homozygous chromatograms. In preferred
embodiments, the homozygous representations are in the form of
homozygous  chromatograms so that sophisticated base-calling
techniques can be applied to the  representations. Example 2.
Identification of genetic susceptibility factors for complex human  diseases
can generate insight into their pathogenesis, and novel strategies for
disease  treatment and prevention. Despite considerable effort, genetic
variants accounting for  susceptibility to most of the common diseases in
the human population have yet to be  



identified. One reason for this paucity of information is the amount of time
and labor  involved in validating linkages between genetic loci and
diseases. One of the rate- limiting tasks in such validation strategies is the
identification of markers in suspected  loci. Referring to Fig. 6, the present
invention uses the automated method of splitting  a heterozygous input
chromatogram 46 into homozygous output chromatograms (e.g.,  28 the
method depicted in Fig. 2) to significantly lower the time and expense of
identifying markers. In the application described in Fig. 6, a region of
chromosomal  DNA (a locus) is analyzed to determine whether the locus
is linked to a disease or  trait of interest. Step 602. In step 602, a region of
chromosomal DNA (loci) that could be  linked to a trait of interest is
identified using standard genetic analysis. Exemplary  traits of interests
are described below in the section entitled "exemplary traits." In  one
approach, classic Mendelian analysis is used to identify specific genes
that are  linked to traits of interest. In a Mendelian approach, individual
phenotypes that are  highly informative of the underlying genotype are
used to characterize genes. In  situations where the phenotype (trait under
study) provides very little information on  the underlying genotype,
quantitative genetics can be used to discover a linkage  between a loci
(termed a quantitative trait loci) and a trait under study. Quantitative
genetics approaches require the construction of a genetic map for a
species under  study. A genetic map shows the ordering of loci along a
chromosome and the relative  distances between them. Such maps can
be constructed using regression analysis  (Soller et al., 1976, Theor. Appl.
Genet. 47:35-39) or interval methods (Lander and  Botstein, 1989,
Genetics 121:185-199). Markers that can be used in such maps  include,
but are not limited to, single nucleotide polymorphisms, restriction
fragment  length polymorphisms, microsatellite markers, short tandem
repeats, sequence length  polymorphisms, and DNA methylation. Once a
genetic map has been constructed,  loci that link to traits of interest can be
discovered using (i) linear models such as a t- test (e.g., Sokal and Rohlf,
1995, Biometry 2nd Ed., W. H. Freeman and Co., NY),  ANOVA or
regression, or (ii) or maximum likelihood (e.g., Genetics andAnalysis of
Quantitative Traits, Lynch and Walsh, 1998, Sinauer Associates, Inc.,
Sunderland,  Massachusetts, Appendix 4). Family studies have clearly
demonstrated a heritable predisposition to many  common human
diseases such as asthma, autism, schizophrenia, multiple sclerosis,
systemic lupus erythematosus, and type I and type II diabetes mellitus.
For a review,  see Risch (2000) Nature 405:847-56. Over the last 20
years, causative genetic  mutations for a number of highly penetrant,
single gene (Mendelian) disorders such as  cystic fibrosis, Huntington's
disease and Duchene muscular dystrophy have been  identified by linkage
analysis and positional cloning in human populations. These 29 



successes have occurred in relatively rare disorders in which there is a
strong  association between the genetic composition of a genome of a
species (genotype) and  one or more physical characteristics exhibited by
the species (phenotype). To some  extent, the same methods have been
used to identify genetic variants associated with  susceptibility to common
diseases in the general population. For a review, see Lander  et al. (1994)
Science 265:2037-48. Genetic variants associated with susceptibility to
subsets of some common diseases such as breast cancer (BRCA-1 and
-2), colon  cancer (FAP and HNPCC), Alzheimer's disease (APP) and type
II diabetes (MODY- 1, -2, -3) have been identified by these methods. In
some instances, multiple  chromosomal regions that could be linked to a
trait under study are identified in step  602 and each of these regions are
either analyzed concurrently or individually using  the subsequent
processing steps illustrated in Fig. 6. For methods on identifying loci that
are linked to a trait of interest, see: Risch  (2000) Nature 405:847-56;
Lander et al. (1994) Science 265:2037-48; Nadeau and  Frankel, 2000,
Nature Genetics 25:381-84; Fisch et at., 1996, Genetics 143:571-77,  Luo
et at 1992, Heredity 69:236-242, Jiang et at, 1997, Genetics 101:47-58,
Olson et  at, 1999, Statist. Med. 18:2961-81, Schork et at, 1998, and TIG
14:266-72, Haines  and Pereicak-Vance, Approaches to Gene Mapping in
Complex Human Diseases,  Wiley-Liss, Inc. Step 604. Once a loci that
may be linked to a trait under study has been  identified, a cohort
population is assembled. Ideally, the cohort population includes  members
that differentially exhibit the trait under study. For example, if the trait
under study is breast cancer, a typical cohort population will include
females that have  breast cancer and females that do not have breast
cancer. In Cheng et at, 1999,  Genome Res 9:936-949, a composite
cohort of 142 unrelated Caucasians for whom  angiograms had been
quantitated and scored by the Gensini method (Gensini, 1975,  Coronary
arteriography, Futura Publishing Co., New York, NY) was used. These
scores were used to subdivide the cohort into quintiles that represented
differing  severities of coronary arterial occlusion. Step 606. In step 606,
the cohort population is genotyped. Typically, this  involves sequencing
the region or regions of chromosomal DNA identified in step 602  in each
member of the cohort population in order to yield a plurality of DNA 30
sequences. In some instances, DNA from cohort members is obtained
from blood  using standard techniques such as the method of Bell et at,
1981, Proc. Natl. Acad.  Sci. 78:5759-63 or using a DNA isolation kit (e.g.,
the Puregene DNA Isolation Kit,  Gentra Systems, Inc., Minneapolis, MN).
Purified DNA is amplified using primers  specific to the region or regions
identified in step 602 and amplified regions are  sequenced using a
sequencer, such as any one of the sequencers disclosed in Table 2,
above. Step 606 results in the generation of a plurality of DNA sequences,
each DNA  



sequence representing the region of chromosomal DNA identified in step
602 from a  different member of the cohort population. In situations where
multiple regions of  chromosomal DNA were identified, step 606 results in
multiple sequences for each  member of the cohort population, one
sequence for each of the regions identified in  step 602. Each such
sequence is represented by a nucleic acid chromatogram 46 that  is
generated by the sequence. Step 608. The sequencing of the plurality of
chromatograms generated by  sequencers in step 608 represents one of
the most time-consuming steps of the method  illustrated in Fig. 6 when
conventional base-calling software is used to sequence such  sequences,
particularly in the case where the source of nucleic acid is heterozygous.
Using conventional base-calling software, each point of heterozygosity in
a  chromatogram 46 must be visually inspected to see which two bases
are present. Not  only is this time consuming, it is exposed to subjective
human interpretation.  Advantageously, the present invention circumvents
this subjective time-consuming  step by automatically splitting
heterozygous chromatograms 46 into homozygous  chromatograms 52
using the techniques depicted in Fig. 2. Homozygous  chromatograms 52
can then be sequenced using conventional base-calling software in  order
to sequence the nucleic acids amplified and/or sequenced in step 606.
Step 610. In one embodiment of step 610, all or a portion of the datapoints
in  output chromatograms 54 are analyzed for single nucleotide
polymorphisms (SNPs).  A single nucleotide polymorphism (SNP) arises
when there are different alleles at a  given datapoint. For example,
consider the case in which a given locus in ten  members of the cohort
population is sequenced. Consider a locus including datapoint  90,
corresponding to a given base in the cohort population. If the base at
position 90  varies in the ten sequences corresponding to the ten
members of the population, 31 position 90 is defined as a SNP. For
example, if a heterozygous nucleic acid is  considered, the ten cohort
members will yield one maternal-based sequence and one
paternal-based sequence, for a total of twenty sequences. If more than
one nucleic  acid is represented in position 90 in the twenty sequences,
the position is considered  to be a SNP. In some embodiments, a more
rigid criterion is used: the minor allele  must be present in more then one
of the sequences. Thus, under this more rigid  criterion a result in which
19 of the 20 sequences code for guanine and I codes for  adenosine
would not be considered a SNP. However, a result in which 18 of the
sequences code for guanine and 2 code for adenosine would be
considered a SNP.  Here, guanine is the major allele and adenosine is the
minor allele. In still other  embodiments, the minor allele must be in at
least about five percent of the DNA  samples that have been sequenced,
at least about ten percent of the DNA samples that  have been
sequenced, at least about fifteen percent of the DNA samples that have
been sequenced, or more than about twenty percent of the DNA samples
that have  



been sequenced. Step 612. The association of a region of chromosomal
DNA (locus) with a  trait under study is considered validated if a marker or
a haplotype within the locus  associates with the trait. In step 612, each
marker (e.g., SNP) discovered in step 610,  or haplotypes derived from
such markers, are tested for association with the trait  under study using
association analysis. The goal is to identify a marker or a haplotype  that
is overrepresented in a portion of a cohort population that represents one
phenotype of the trait under study. For example, in Campbell 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 Dl1 5911 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, 3rd
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  instep 610 using conventional techniques. Such techniques
include, but are not  limited to those disclosed in Stephens et al. 2001,
Am. J. Hum. Genet. 68:978-89, Liu 32 et al., 2001, Genome Res.
11:1716-1724, Abescasis et al. 2002, Nature Genet. 30:97- 101. In
addition, the software analysis package Hapscope supports computational
haplotype construction using an expectation-maximation or Bayesian
statistical  algorithm (Zhang et al., 2002, Nucleic Acids Res. 30:5213-21).
Exemplary traits. As discussed supra, the embodiment of the present
invention illustrated in Fig. 6 provides methods for associating loci with a
trait  exhibited by one or more organisms in a plurality of organisms of a
species (e.g., a  single species). In some instances, the locus is a gene
and it is associated with the  trait by identifying a marker within that gene
that associates with a particular  phenotype exhibited by a portion of a
cohort group. In some embodiments of the  present invention, the trait of
interest is a complex trait, such as a disease, e.g., a  human disease.
Exemplary diseases include without limitation allergies, asthma, and
obsessive-compulsive disorders such as panic disorders, phobias, and
post-traumatic  stress disorders. Exemplary diseases further include
autoimmune disorders such as Addison's  disease, alopecia areata,
ankylosing spondylitis, antiphospholipid syndrome, Behcet's  disease,
chronic fatigue syndrome, Crohn's disease and ulcerative colitis, diabetes,
fibromyalgia, Goodpasture syndrome, graft versus host disease, lupus,
Meniere's  disease, multiple sclerosis, myasthenia gravis, myositis,
pemphigus vulgaris, primary  biliary cirrhosis, psoriasis, rheumatic fever,
sarcoidosis, scleroderma, vasculitis,  



vitiligo, and Wegener's granulomatosis. Exemplary diseases further
include bone diseases such as achondroplasia,  bone cancer,
fibrodysplasia ossificans progressiva, fibrous dysplasia, legg calve
perthes disease, myeloma, osteogenesis imperfecta, osteomyelitis,
osteoporosis,  paget's disease, and scoliosis. Exemplary diseases include
cancers such as bladder  cancer, bone cancer, brain tumors, breast
cancer, cervical cancer, colon cancer,  gynecologic cancers, Hodgkin's
disease, kidney cancer, laryngeal cancer, leukemia,  liver cancer, lung
cancer, lymphoma, oral cancer, ovarian cancer, pancreatic cancer,
prostate cancer, skin cancer, testicular cancer, and the like. Exemplary
diseases further include genetic disorders such as achondroplasia,
achromatopsia, acid maltase deficiency, adrenoleukodystrophy, Aicardi
syndrome,  alpha-I antitrypsin deficiency, androgen insensitivity
syndrome, Apert syndrome,  dysplasia, ataxia telangiectasia, blue rubber
bleb nevus syndrome, canavan disease,  33 Cri du chat syndrome, cystic
fibrosis, Dercum's disease, fanconi anemia,  fibrodysplasia ossificans
progressiva, fragile x syndrome, galactosemia, gaucher  disease,
hemochromatosis, hemophilia, Huntington's disease, Hurler syndrome,
hypophosphatasia, klinefelter syndrome, Krabbes disease,
Langer-Giedion syndrome,  leukodystrophy, long qt syndrome, Marfan
syndrome, Moebius syndrome,  mucopolysaccharidosis (raps), nail patella
syndrome, nephrogenic, diabetes insipidus,  neurofibromatosis,
Niemann-Pick disease, osteogenesis imperfecta, porphyria, Prader- Willi
syndrome, progeria, proteus syndrome, retinoblastoma, Rett syndrome,
rubinstein-taybi syndrome, Sanfilippo syndrome, Shwachman syndrome,
sickle cell  disease, Smith-Magenis syndrome, Stickler syndrome,
Tay-Sachs, thrombocytopenia  absent radius (tar) syndrome, Treacher
collins syndrome, trisomy, tuberous sclerosis,  Turner's syndrome, urea
cycle disorder, Von Hippel-Lindau disease, Waardenburg  syndrome,
Williams syndrome, and Wilson's disease. Exemplary diseases further
include angina pectoris, dysplasia, atherosclerosis/  arteriosclerosis,
congenital heart disease, endocarditis, high cholesterol, hypertension,
long qt syndrome, mitral valve prolapse, postural orthostatic tachycardia
syndrome,  and thrombosis. Example 3. The methods of the present
invention were tested by using the  software program in the Computer
Program Listing Appendix to perform SNP  discovery and genotyping of
the human gene HRMT1 L3 (NCBI accession number  NM_019854;
Strausberg et al., 2002, Proc. Natl. Acad. Sci. U.S.A. 99:16899-903)
using genomic DNA samples from 32 Europeans. HRMTIL3 is a protein
arginine  N-methyltransferase, located on human chromosome 12, around
3.5 Mb. It has ten  exons, covering a 102.38 Kb genomic region. Because
most of the genomic regions  covered by HRMTIL3 are intronic regions, a
decision was made to only genotype its  exonic and regulatory regions. A
total of 48 pairs of PCR primers were designed.  



Together, the primers cover a total of approximately 30 Kb of genomic
region as  illustrated in Fig. 7. A total of 48 PCR reactions were performed
on each of the 32 European  genomic DNA samples, and both strands of
the resulting amplified PCR products  were sequenced. In total, 48 x 32 x
2 = 3072 amplicons were sequenced. The length  of each amplicon is
about 650 bp. Therefore, about 48 x 32 x 2 x 650 = 1996.8 Kb  were
sequenced. If these sequences were analyzed by a human with
assistance of 34 conventional computer software, such as Sequencher
(Gene Codes Corporation, Ann  Arbor, Michigan) or TraceTuner (Paracel,
Pasadena, California), which can analyze  sequence quality, align
amplicons from same genomic region and graphically display  potential
polymorphisms, it will still take approximately 0.5 to 1 hour for an
experienced technician to examine 64 heterozygous waveforms from one
primer pair,  identify SNPs and collect allele information. Therefore, it will
take at least 16 hours  for one experienced technician to examine all these
3072 sequences, or 1996.8 Kb of  sequences. Using the systems and
methods of the present invention, as embodied in  the computer program
enclosed in the Computer Program Listing Appendix detailed  in Table 1, it
takes less than five minutes to completely analyze all 3072 heterozygous
waveforms, or 1996.8 Kb of sequence, including quality checking, splitting
heterozygous waveforms to homozygous waveforms, performing SNP
discovery and  collecting allele information. A total of 44 SNPs were
discovered in the analyzed  nucleic acid sequences. Alternative
Embodiments The foregoing descriptions of specific embodiments of the
present invention  are presented for purposes of illustration and
description, and are not intended to be  exhaustive or to limit the invention
to the precise forms disclosed. Many  modifications and variations are
possible in view of the above teachings. For  example, reference was
made to an input chromatogram 46 that includes a trace for  each of the
four possible bases: adenine, guanine, cytosine and thymine. However,
the present invention is not limited to nucleic acid sequences having such
bases. In  fact, any bases, including but not limited to any purine or
pyrimidine derivatives, can  be used in the present invention so long as
they are differentially labeled with unique  fluorophores or other labeling
reagents. For example, such bases include without  limitation those
disclosed in WO 98/16539 (Novo Nordisk A/S), WO 98/04126
(Rhone-Poulenc Rorer Pharmaceuticals Inc.) , WO 98/01459 (Novo
Nordisk A/S),  United States Patent 6,492,348 to Bays et a[., United
States Patent 6,005,096 to  Matteucci et al., Inoue et al., 1987, Jpn Kokai
JP 62059293, Prober et al., 1987,  Science 238:336-41, Sung, 1981, Nucl.
Acids Res. 9(22):6139-51, Sung, 1982, J. Org.  Chem. 47:3623-28,
Draper, 1984, Nucleic Acids Res. 12(2):989-1002, Draper 1986,  Anal.
Biochem. 157(2):199, European Patent Application 063879, and PCT  



Application No. PCT/US84/00279. 35 References cited and conclusion All
references cited herein are incorporated herein by reference in their
entirety and for all purposes to the same extent as if each individual
publication or  patent or patent application was specifically and individually
indicated to be  incorporated by reference in its entirety for all purposes.
The embodiments were chosen and described in order to best explain the
principles of the invention and its practical application, to thereby enable
others  skilled in the art to best utilize the invention and various
embodiments with various  modifications as are suited to the particular
use contemplated. It is intended that the  scope of the invention be
defined by the following claims and their equivalents. 36 Splitrace.c  * All
Rights Reserved * Roche Palo Alto * *  * Author: Guochun Liao, Alok
Dube * August 2003  #include <stdio.h>  #include <fcntl.h>
/*###*###****##***+******+* CONSTANT ###**#****+****+**##**#****#/ /*
trace status, 0 - 10 are reserved for status, >10 indicates peak space  * if
nothing identified, mark as TRACE-STATUS-NOTHING * If identified as
peak position, mark as TRACE-STATUS-PEAK at that index  and only for
that trace * if identified as beginning of a peak, record peak space * if
identified as overlap_peak, mark related 2 status at the position as
TRACE-STATUS-OVERLAP-PEAK * if overlapped peak splitted, mark as
TRACE STATUS OVERLAP PEAKSPLITTED  const int TRACE STATUS
NOTHING = 0; const int TRACE STATUS PEAK = 1; const int TRACE
STATUS OVERLAP PEAK = 2; const int TRACE STATUS OVERLAP
PEAK SPLITTED = 3; const int TRACE-STATUS-VALID-PEAK = 4; /*
used to mark the start and end of  valid peak range */ cons' int
TRACE_STATUS_CROWD_PEAK = 5; /* used to mark the crowd peak */
const int TRACE STATUS_PSEUDO_OVERLAP_PEAK = 6; /* used to
mark pseudo- overlap peak, treated as peak /* ignore first/last 100 data
points  



const int IGNORE DATA INDEX = 50; /* number of points checked at
either side of a peak to determine if its a  peak */ /* should between 4-5
const int PEAK DETERMINE CHECK WINDOW LEVEL_ONE = 4;  /*
should around half of level one */ coast int PEAK DETERMINE CHECK
WINDOW LEVEL TWO = 2; /* ignore number of peaks after ignored
first/last data points */  /* minimum number is 1 */ const int IGNORE
START PEAK NUM = 10;  /* ignore number of peaks from end  const int
IGNORE-END-PEAK-NOM = 10;  /* minimum peak value requirement
const int MINPEAK VALUE = 150; /* maximum peak start point value
requirement  const int MAX PEAK START VALUE = 15; /* maximum peak
end point value requirement */  const int MAX PEAK END VALUE = 50; /*
maximum allowed peak space, never over 50  coast int
MAX-PEAK-SPACE = 50; /* minimum allowed peak space  coast int MIN
PEAK SPACE = 10; 37 Splitrace.c  /* maximum allowed overlapping peak
gap, should never bigger than 4  const int MAX OVERLAP PEAK GAP =
3; /* minimum allowed overlapping peak ratio */  coast float MIN
OVERLAP PEAK RATIO = 0.60; /* minimum allowed overlapping peak
ratio when smaller peak is a clean and  complete peak*/ const float MIN
OVERLAP COMPLETE PEAK RATIO = 0.4; /* maximum allowed error for
each data point compared to common peak profile,  should never over 0.2
*/ coast float MAX PEAK ERROR = 0.1; /* maximum re-size overlapped
peak ratio, should always between 1 and 2  const float MAXOVERLAP
_PEAK RESIZE_RATIO = 2; /* flat peak will be ignored, difference
between peak and the next next data  point * should great than this
FLAT-PEAK-SIGNATURE  const float FLAT _PEAK-SIGNATURE = 0.9; 



/* if within window size of 2*MAX_OVERLAP_PEAK_GAP+l, there are
more than  CROWD-PEAK-THRESHOLD peaks, all those peak will be
identified as TRACE STATUS CROWD PEAK const int CROWD PEAK
THRESHOLD = 3; /* parameters used to determine if there is shift  /*
widnow bigger, max_percent smaller */ const int TRACE SHIFT CHECK
PEAK WINDOW = 50;  const float TRACE SHIFT MAX PERCENT = 0.25;
/* max peak width allowed */ const in*_ MAX ALLOWED 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 float BACKGROUND PEAK
FACTOR = 2.0; GLOBAL VARIABLES */ int cmm peak_space; /* common
peak spacing, as global variable  int avg_background_peak value = 0; int
background peak count = 0;  int total peak count = 0;
/************************** STRUCTURE ****************************/  struct
abidata { char name[4 ; Four ASCII character name, like "DATA" int
tagNumber; /* Distinguishes fields with the same name for example:
DATA1, DATA2, ... , DATA12 */ 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 dataOffset; /* 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. *7 38 Splitrace.c  /************************* FUNCTION
DEFINITIONS void fill traces (int *, short *, short * , short *, short *, short *
,short  short *, short * , short *, short *, short *, short * ) 



void write_files(FILE * int *, short *, int *,short * , short *, short  short *);
void scan trace (in', int, short *, int *); int get cmn_peak_spacing (int *, int
*, int *, int int *); void build can peak profile (int *, short *, short short short
int  *, int *, int int float *, int); void calculate_avg background_peak (int *,
int *, int *, int *, int short  *, short *, short *, short *); void split_trace(int * int
*, int *, int int *, float * int, short  short *, short *, short *, short *, short short
short * ); int is peak (short *, int *);  int peak_size (short *); int
overlap_peak ( int *, int *, int *, int int short short short  , short * int); void
reassign profiled peak (short *, short int, float *, int);  void
mark_valid_peak_range (int *, int *, in*_ *, int *, int *);
/*xx*******xx*************** MAIN FUNCTION ***************************/
main(int argc, char * argv[]) FILE *inABI;  FILE *outlABI;  FILE *out2ABI;
FILE *outXL; struct abidata abidataline; char *filename, *token,*file start,
*file end, *FILE1, *FILE2, *XLFILE;  int key,i,j, k, keyl,
totallines,STR_LENGTH; long num, startoffset, currentpos;  char str[S];
short *trace!, *trace2, *trace3, *trace4; /* original trace read in */  short
*tracela, *trace2a, *trace3a, *trace4a; /* modified set A short *tracelb,
*trace2b, *trace3b, *trace4b; /* modified set B int *tlstatus, *t2status,
*t3status, *t4status; /* status for each data  point of trace */ /* int
cnn_peak_space; common peak spacing float * cmn peak profile; /* store
common peak profile */  short element SIZE[41; int numELEMENTS[4];
int data OFFSET[43; printf( "ARGC IS %d\n", argc);  if( ergo != 2){ print("
USAGE : splitrace filename");  



exit(0); }  STB LENGTH = strlen( argv[1));  STR_;.ENGTH =
STR_LENGTH + 5; printf(" filename length is : %d",STR LENGTH);
filename = (char *)malloc( STRLENGTH * sizeof(char));  strcpy(filename,
argv[1]); 39 Splitrace.c  if ((inABI = fopen(filename, "rb")) NULL) {
printf("err: could not open Abi file: %s \n.\n",filename);  exit (0) }
if(!feof(inABI))  { fread(&str, sizeof(char), 4, inABI);  str[47 = '\O'; printf("str
is %s\n",str);  } if(strcmp(str,"ABIF") != 0){ printf("ERR : %s is not an Abi
file. \n\n",filename) ;  exit(0); token = (char *)malloc( STR_LENGTH *
sizeof(char)  file start = (char *)malloc( GTE LENGTH * sizeof (char)
file-end = (char *)malloc( STR_LENGTH * sizeof (char));  FILET = (char
*)malloc( STRLENGTH * sizeof(char));  FILE2 = (char *)malloc(
STRLENGTH * 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,".");  strcpy(fileend, token);
printf(" Token is %s\n", token); printf(" Filesstart is os Fileend is %s", file
start, file end);  strcpy(FILEI, file start); strcat(FILET," a.");  strcat(FILE1,
file_end); printf( " FILE1 is : %s",FILET);  



strcpy(FILE2, file_start);  strcat(FILE2," b.");  strcat(FILE2, fileend); printf( "
FILE2 is : %s",FILE2); if ((outlABI = fopen(FILE1, "wb")) == NULL) {
printf("ERR could not open Abi file %s .\n\n",FILEl);  exit(0); }  if ((out2ABI
= fopen(FILE2, "wb")) == NULL) { printf("ERR : could not open Abi file %s
.\n\n",FILE2);  exit(0); }  strcpy(XLFILE, file start);  street (XL FILE, ".xls");
if ((outXL = fopen(XLFILE, "w")) _= NULL) {  printf("err: could not open
excel file\n.\n");  exit (0); }  fseek(inABI, 0, SEEK SET 40 Splitrace.c
while)!eof(inABI)){ keyl = fgetc(inABI);  if(!feof(inABI)){  fputc(keyl,outlABl);
fputc(keyl,out2ABI);  } }  /* read and display file */
fseek(inABI,O,SEEKSET  if(! feof(inABI)) { tread(&str, sizeof (char), 4,
inABI)  printf("str is %s\n",str);  fseek(inABI, i8,SEEK_SET); (read(&num,
sizeof(long), 1, inABI);  printf("int is %d\n",num);  fseek(inABI,26,
SEEK_SET);  fread(&startoffset, sizeof (long), 1, inABI) printf("int is
%ld\n",startoffset);  



fseek(inABI, startoffset, SEEKSET);  for( i = 0; i < num; i++ { printf("%d i);
fread (&abidataline, sizeof( struct abidata), 1,inABI);  printf("name is %s
",abidataline. name) printf("%d ",abidataline.tagNumber) ;  printf("%hd
",abidataline.data type);  printf("%hd ",abidataline.elementSize);
printf("%d ", abidataline. numElements) ;  printf("%d ",
abidataline.recordLength);  printf("%d\n ",abidataline.dataoffset);
currentpos = ftell(inABI); if (strcmp (abidat aline. name, "DATA") _= 0)
if(abidata_ine.tagNumber == 9) { num_ELEMENTS f0) =
abidataline.numElements;  element-SIZE[O] = abidataline. elementSize;
data_OFFSET[0] = abidataline. dataOffset; tracel = (short *)
malloc(abidataline.numElements * sizeof(short));  fseek(inABI, abidataline.
dataOff set, SEEK SET); fread(tracel, abidat aline. elementSize ,
abidataline.numElements  inABI); }  if(abidataline.tagNumber == 10)  { nun
ELEMENTS[1] = abidataline.numElements;  element SIZE fl) =
abidataline.elementSize;  dataOFFSET[1) = abidataline.dataOffset; trace2
= (short *) malloc(abidataline.numElements * sizeof(short));  fseek(inASI,
abidataline.dataOffset, SEEK SET); 41 Splitrace.c  fread(trace2, abidat
aline. alement5 ize , abidat_aline.numElements  inABI) }
if(abidataline.tagNumber == 11)  { numELEMENTS[2] = abidat aline.
numElements;  element SIZE[2] = abidataline.elementSize;  



data OFFSET[2] = abidataline.dataOffset; trace3 = (short *) malloc(abidat
aline. numElements * sizeof (short));  fseek(inABI, abidataline.dataOff set,
SEEK_SET); fread(trace3, abidata line.elementSize ,
abidataline.numElements  inABI); }  if(abidataline.tagNunber == 12)  { num
ELEMENTS[3J = abidat aline. numElements;  element SIZE[3] =
abidataline. elementSize;  data OFFSET[33 = abidataline.dataOffset;
trace4 = (short *) mailoc(abidataline.numElements * sizeof(short));
fseek(inABI, abidataline. dataOff set, SEEK_SET); fread(trace4,
abidataline.elementSize , abidataline.numElements  inABI); }  fseek(inABI,
currentpos, SEEK_SET)  } }  /* call function to fill the other 2 Arrays. */
tracela = (short *) malloc( numELEMENTS)O] * sizeof(short));  tracela =
(short *) malloc( num_ELEMENTS111 * sizeof(short));  trace3a = (short *)
malloc( nun ELEMENTS[2] * sizeof(short));  trace4a = (short *) malloc(
num ELEMENTS[3] * sizeof(short));  tracelb = (short *) malloc( nun
ELEMENTS[O] * sizeof(short));  tracelb = (short *) malloc(
numELEMENTS[1] * sizeof(short));  trace3b = (short *) malloc(
numELEMENTS[23 * sizeof(short));  trace4b = (short *) malloc( nun
ELEMENTS[3] * sizeof(short));  fill_traces(num ELEMENTS, tracel,
trace2,trace 3,trace 4,trace la, trace 2a,trace 3a,trace4a,t race lb, t
race2b, trace3b,  trace4b); ** * 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 42 Splitrace.c  



* /* step 1 /* value indidates 3 status: 0 nothing; 1 peak location; other
number  indicates peak spacing, * the index is the start of peak. value
stored in status arrays.  tlstatus = (int *) malloc( numELEMENTS[0] *
sizeof(i.nt)  t2status = (int *) malloc( num ELEMENTS[ 1] * sizeof(int)
t3status = (int *) malloc( numELEMENTS[2] * sizeof(int)  t4status = (int *)
malloc( numELEMENTS[3] * sizeof(int)  scan-trace (num ELEMENTS[0],
IGNORE-DATA-INDEX, tracel, tlstatus);  scan-trace (num ELEMENTS[1],
IGNORE DATA INDEX, trace2, t2status);  scan-''race (num
ELEMENTS[2], IGNORE _DATAINDEX, trace3, t3status);  scan trace
(num ELEMENTS[3], IGNORE -DATA _INDEX, trace4, t4status);
determine background peak value */  see calculate avg background_peak
if ( backgrourd_peak_count > 0 * if ( background_peak_count > total peak
count * 0.1  * * avg_background_peak_value background peak count;  * }
else  * avg background_peak_value = avg_background_peak_value /
(total peak count * 0.1); /* step 1.1 mark the start and end of valid peak
range by  ignore first and last idicated number of peaks
mark_valid_peak_range (num_ELEMENTS, tlstatus, t2status, t3status,
tlstatus); /* step 2 /* scan status arrays to determine the common peak
spacing, then build  common peak profile * using only peaks with common
peak spacing cmn_peak_space = get_cmn_peak_spacing
(num_ELEMENTS, tlstatus, t2status,  t3status, t4status); printf ("common
peak space is %d\n", cmn_peak_space) emn_peak_profile = (float *)
malloc( cmn_peak_space * sizeof(fioat));  build_cmn_peak_profile (num
ELEMENTS, tracel, trace2, trace3, trace4,  tlstatus, t2status, t3status,
tlstatus, cmn_peak_profile, cmn_peak_space);  /* step 2.1 */ /* calculate
background peak 



calculate avg background peak (num ELEMENTS, tlstatus, t2status,
t3status,  t4status, tracel a,trace2 a,trace3a,trace4 a) /* step 3 and 4 */ 43
Splitrace.c  /* identify overlapping peaks and split them split trace (num
ELEMENTS, tistatus, t2status, t3status, t4status,  cmn_peak_profile,
cmn_peak space, tracela,trace2a, trace Is, trace4 a, trace lb, trace2b,
trace 3b,trace4b);  write files(outIABI,num ELEMENTS, element SIZE,
data-OFFSET, tracela,trace2a, trace3a, trace4a) ;  write files(out2ABl,
num ELEMENTS, element SIZE,data_OFFSET, _tracelb, trace2b,
trace3b, trace4b) ;  totallines = num ELEMENTS[1]; for( j=0; j < totallines
;j++)( fprintf(outXL," %d\t %d\t %d\t %d\t \t %d\t %d\t %d\t %d\n", *tracel,
*tracel,*trace3,*trace4, *tlstatus, *t2status, *t3status, *t4status);  trace!++;
tracel++;  trace3++;  trace4++;  tistatus++;  t2status++;  t3status++;
t4status++;  } fclose(outXL);  fclose(outlABI);  fclose(out2ABI);
fclose(inABI);  /* free all memory used */ free(tracel);  free(trace2);
free(trace3);  free(trace4);  free(tracela);  free(trace2a);  free(tracela);
free(trace4a);  free(tracelb);  



free(tracelb);  free(trace3b);  free(trace4b);  printf ("averge background
peak value is %d, over %d background peak, with %d total peaks\n",
avgbackground_peak_value, background_peak_count,
total_peak_count); }  /* calculate average background peak */ void
calculate_avg_background_peak (int *num,int *si, int *s2, int *s3, int  *s4,
short *t!, short *t2, short *t3, short *t4 { int num_elements[4], i, j, k, m,
min_element_num;  short * pt[4], *ptrace, *tp; int * ps[4), *pstatus, *sp;  /*
initialize */ pt[0] = tl; 44 Splitrace.c  pt [11 = t2; pt[2] = t3;  pt 13] = t4;  ps[0]
= s1;  ps[1] = s2;  ps [2] = s3;  ps[3] = s4; for (i = 0; i < 4 ; i++)  {
num_elements(i] = *num;  num++; get minimum element number  min
element rum = 99999999;  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; j < 3; j ++  {
int isbg = 0;  ptrace = pt[j] + i;  pstatus = p5[j] + i; /* examined position
should be a peak if ( *pstatus != TRACE STATUS PEAK ) { continue; }  /*
if it's peak, should compare with rest 3 traces  for (k = 0; k < 3; k ++) { if ( k
== j ) { continue; } for ( m = 0; in <= MAX-OVERLAP-PEAK-GAP * 2; m++)
{ sp = ps[k] + i - MAX OVERLAP PEAK GAP +  to = pt[k] + i - MAX
OVERLAP PEAK GAP + m; if ( *sp == TRACE-STATUS-PEAK && (*tp *
MIN_OVERLAP_PEAK_RATIO)  *ntrace { neighbor is peak and bigger, so
this is background  avg background peak value +_ *ptrace; background
peak count ++; m = MAX_OVERLAP_PEAK_GAP * 2 + 1; /* out loop  k =
4; break;  } /* end of m loop */  } /* 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_peakval.ue 10;  } else
{ 



avg background peak value background_peakcount;  avg background
peak value / (total-peak-count * 0.1);*/ }  } identify overlap peak, and split if
qualify */ void split trace(int *num,int *sl, int *s2, int *s3, int *s4, float
*profile,  int profile size, short *al, short *a2, short *a3, short *a4, short *bl,
short *b2, short *b3, short *b4 { int nun elements[4], i, j, minelement_num,
ab-switch, valid peak region,  void_overlap_peak, last_ovlp_peak; short
*otal, *pta2, *pta3, *pta4, *ptbl, *ptb2, *ptb3, *ptb4;  int *psl, *ps2, *ps3,
*ps4; int all peak count;  /* initialize */ for (i = 0; i < 4 ; i++)  {
numelements[i] = *num;  num++; get minimum e'~ement number */  min
element num = 99999999; for (i = 0; i < 4 ; i++)  { if ( nun elements[i] <
min_element_num  { mm n element num = num elements[i];  } /* scan
status to identify overlapping peak */  (* valid_peak_regicn = for (i =
IGNORE-DATA-INDEX; i < mm n element num - IGNORE-DATA-INDEX;
i++)  ptal = al + i; pta2 = a2 + i;  pta3 = a3 + i;  pta4 = a4 + i;  ptbl = bl + i; l
' ;  ptb3 = b3 + i;  p*_b4 = b4 + i;  psl = sl + i;  ps2 = s2 + i;  



ps3 = s3 + i;  ps4 = s4 + i; 46 Spltrace.c  /* only process peak within valid
peak region  * if ( *ps1 == TRACE-STATUS-VALID-PEAK * { *
valid-Peak-region *_ -1; * printf ("valid peak at %d\n", i)  *1 if ( valid peak
region > 0 ) */ if ( overlap_peak(numelements, psl, ps2, ps3, ps4, ptal,
pta2, pta3,  pta4, i) { /* printf ("overlapping peak identified at
position%d\n", i);  } /* scan status to identify potential in/del shift * if shift
identified, void all overlapping peaks after the shift site  void-overlap-peak
= 0; last ovlppeak = IGNORE DATA INDEX;  all peak count = 0; 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; psi = sl + i  ps2 = s2 + i;
ps3 = s3 + i;  ps4 = s4 + i; /* only process peak within valid peak region */
if ( *psl == TRACE STATUS VALID PEAK  valid-peak-region 1= -1; printf
("valid peak at %d\n", i);  } /* count rough base pair position  if ( *psl ==
TRACE STATUS PEAK II  *ps2 == TRACE STATUS PEAK II  *ps3 ==
'RACE-STATUS-PEAK jl  *ps4 == TRACE_STATUS_PEAK 



{ all peak count ++; /* if ( all_peak_count == 227 ) { printf ("base 227 at
%d\n", i); }  } /* void rest overlapping peak if void overlap peak is true  if (
void-overlap-peak { if ( *psl == TRACE_S TATUS_OVERLAP_PEAK -psi
= TRACE-STATUS-PEAK;  } if ( *ps2 == TRACE
STATUS_OVERLAP_PEAK *ps2 = TRACE_STATUS_PEAK;  } 47
Splltrace.c  if ( *ps3 == TRACE_STATUS_OVERLAP_PEAK ) { *ps3 =
TRACE-STATUS-PEAK;  } if ( *ps4 TRACE_STATUS_OVERLAP_PEAK )
{ *ps4 = TRACE_STATUS_PEAK;  } }  else if ( *ps1 == TRACE STATUS
OVERLAP PEAK II  *ps2 == TRACE_STATUS_OVERLAP_PEAK II  *ps3
== TRACE STATUS OVERLAP PEAK II  *ps4 == TRACE STATUS
OVERLAP PEAK 11  *psl == TRACE STATUS PEAK 11 *ps2 ==
TRACE_STATUS_PEAK II  *ps3 == TRACE STATUS_PEAK II  *ps4 ==
TRACE STATUS PEAK { check window count = 0;  peak count = 0;
ovlp_peakcount = 0;  pseudo_ovlp_peak_count = 0; for (j = j <
min_element_num - IGNORE_DATAINDEX; j++)  { check window count
++;  psi = sl + ps2 = s2 +  ps3 = s3 +  ps4 = s4 + j; if ( *psi == TRACE
STATUS PEAK ) { peak_count ++; } 



if ( *psl == TRACE STATUS OVERLAP PEAK ) { ovlnpeak_count ++; }  if (
*psl TRACE STATUS PSEUDO OVERLAP PEAK
pseudo_ovlp_peak_count ++; } if ( *ps2 TRACE STATUS PEAK ) {
peak_count ++; } if ( *ps2 == TRACE STATUS OVERLAP PEAK ) { ovip
peak count ++; }  if ( *ps2 == TRACE STATUS PSEUDO OVERLAP
PEAK pseudo_ovlp_peak count ++; ) if ( *ps3 == TRACE STATUS PEAK
) { peak_count ++; } if ( *ps3 TRACE STATUS OVERLAP PEAK ) { ovip
peak count ++; }  if ( *ps3 TRACE STATUS PSEUDO OVERLAP PEAK
pseudo ovip if ( *ps4 == TRACE_STATUS_PEAK ) { peak-count ++; I if (
*ps4 TRACE_STATUS_OVERLAP_PEAK ) { ovlp_peak_count ++; }  if (
*ps4 == TRACES TAT US-PS EUDO-OVERLAP-REAK pseudo ovip peak
count ++; ) if ( (peak_count + (ovlp_peak count +
pseudo_ovippeak_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_ovip_peak_count) >= TRACE SHIFT MAX
PERCENT )  /* if ( peak count > check_window_count /
(cmn_peak_space/2 + 2)  (1 + TRACE SHIFT MAX PERCENT) ) */ 48
Splitrace.c  void overlap peak = 1; }  else  {  psi = sl + i; ps2 = s2 + i  ns3 =
s3 + i;  ps4 = s4 + i; if ( *ps1 == TRACE STATUS_OVERLAP PEAK it
*ps2 TRACE STATUS OVERLAP PEAK ;I  



*ps3 == TRACE STATUS OVERLAP PEAK II  *ps4 ==
TRACE_STATUS_OVERLAP_PEAK { if ( i - last ovlp_peak > MAX
OVERLAP PEAK GAP &&  valid_peakregion > 0 { last ovlp peak = i; printf
("overlapping peak identified around position %d,  around base %d\n", i,
all_peak_count); }  } }  } /* end of out for loop /* scan status and trace to
split overlapping peak */ /* ab_switch used to indicate assign splitted peak
to either set a if 1, or  set b if -1 */ ab switch = 1;  valid_peak_region = -1;
for (i = IGNORE-DATA-INDEX; i < min element nun -
IGNORE-DATA-INDEX; i++)  ptal = al + i; pta2 = a2 + i;  pta3 = a3 + i;
pta4 = a4 + i;  ptbl = hl + i;  ptb2 = b2 + i;  ptb3 = b3 + i;  ptb4 = b4 + i;  psl
= sl + i;  ps2 = s2 + i;  ps3 = s3 + i;  ps4 = s4 + i; /* only process peak
within valid peak region  if ( -psi == TRACESTATUS-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 ( *ps1 ==
TRACE_STATUS_OVERLAP_PEAK { 49 Splitrace.c
reassign_profiled_peak (ptal, ptbl, ab_switch, profile,  profile size); /*
switch ab switch */  ab switch *= -1; /* indicate split done *psl = TRACE
STATUS OVERLAP PEAK SPLITTED;  if *ps2 == TRACE STATUS
OVERLAP PEAK  reassign_profiled_peak (pta2, ptb2, abswitch, profile,
profile size); /* switch ad switch */  ab switch *= -1; /* indicate split done */
*ps2 = TRACE STATUS OVERLAP PEAK SPLITTED;  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 PEAK
SPLITTED;  if ( *ps4 == TRACE_STATUS_OVERLAP_PEAK {
reassign_profiled_peak (pta4, ptb4, abswitch, profile,  profile_size); /*
switch ab switch  ab_switch *= -1; /* indicate split done */ *ps4 = TRACE
STATUS OVERLAP PEAK SPLITTED;  } }  /* profile peak at given
position, then reassign it to one of two sets  depending on the switch */
void reassign_profiled_peak (short *a, short *b, int abswitch, float  *profile,
int profile_size) 



{ float *pprofile, max;  int i, max ids; short *pa, *pb, profiled value, peak
value, vdiff;  /* init */ peak value = *a; /* get maximum value from profile, it
should always be 100, just in case  max = -1; for (i = 0; i < profile size; i++)
{ pprofile = profile + i;  if ( *pprofile > max ) 50 Splitrace. c  { max =
*pprofile;  max_idx = i; } align trace pointer and profile pointer, then profile
for. (i = 0; i < profile_size; i++) { pprofile = profile + i;  pa = a - max_idx + i
pb=b - maxidx + i; profiled_value = *pprofile * peak-value / max; /* printf
("pa is %d, pb is %d, profiled value is %d at pos %d with  profile %f\n",
*pa, *pb, profiled value, i, *pprofile); /* if actual value is allowed by profiled
value */  if ( *pa <= profiled_value * (1 + MAX-PEAK-ERROR) if ( abswitch
> 0 { /* keep a same  /* change b to 0 *pa = *pa * MAX OVERLAP PEAK
RESIZE RATIO;  *pb = 0; - -  }  else /* keep b same  /* change a to 0  *pa
= 0; *pb = *pb * MAX OVERLAP PEAK RESIZE RATIO;  



} !* if profiled-Value is not valid  else { vdiff = *pa - profiled-value;  if (
abswitch > 0 { keep a as profiled /* change b to the vdiff *pa = profiled
value * MAX OVERLAP PEAK RESIZE RATIO + vdiff;  *pb = vdiff; - -  }
else  {  /* keep b as profiled */ /* change a to the vdiff */  *pa = vdiff; *pb =
profiled value * MAX OVERLAP PEAK RESIZE RATIO + vdiff;  } } return 1
if overlapping peak identified, 0 otherwise 51 Splitrace.c  int overlap
__peak ( int *num, int *sl, int *s2, int *s3, int *s4, short *tl,  short *t2, short
*t3, short *t4, int idx { short *pt[e], *tp, peak!, peak2, peakliidx, peakl_j_idx,
peak2 i idx,  peak2_j_idx; - - int *ps[4], *sp; int peak count, i, j, k, ret,
crowd_peak_count, crowd _peak check window;  float pratio;  int num
elements[4];  initialize  for (i = 0; i < 4 ; i++)  { num elements[i] _ *num;
num+', }  ps[0] = sl;  



ps[1] = s2;  ps[2] = s3;  ps[3] = s4;  pt[0] = tl;  pt[i] = t2;  pt[2] = t3;  pt[3] =
t4;  peakl = 0;  peak2 = 0;  ret = 0; /* check if over-crowd peak region,
avoid this.region by changing peak  status to TRACE STATUS -
CROWD-PEAK crowd peak count = 0; crowd peak check window =
2*MAX_OVERLAP_PEAK GAP+1;  for (i = 0; i < 4; i++) { for (j = 0; j <=
crowd_peak_check_window; j++)  { sp = Ps[i] + j; if ( *sp ==
TRACE_STATUS_PEAK  { crowd_peak_count ++;  } }  } if (
crowd_peak_count >= CROWD-PEAK-THRESHOLD  { for (i = 0; i < 4;
i++) for (j = 0; j <= crowd peak_checkwindow; jj++)  { sp = ps[i] + j; if ( *sp
== TRACE_STATUS_PEAK  { sp = TRACE STATUS CROWD PEAK;  } }
52 Splitrace.c  } /* current position must be a peak position  



if ( *sl TRACE-STATUS-PEAK II *s2 == TRACE STATUS PEAK 11  -s3
TRACE STATUS PEAK 11  *s4 TRACE STATUS PEAK printf ("peak
identified at %d\n", idx);  peak_count = 0; for (i = 0; i < 4; i++)  { for (j = 0; j
<= MAX_OVERLAP_PEAK_GAP * 2; j++)  { sp = ps[i] - MAX OVERLAP
PEAK GAP + j;  tp = pt[ij - MAX_OVERLAP_PEAK_GAP + j;  if ( *sp ==
TRACE_STATUS_PEAK { if ( peakl == 0 ) { peakl = *tp; peakl i_idx = i;
peakl_j_idx  j; } else if ( peak2 == 0 ) { peak2 = *tp; peak2_i_idx = i;
peak2_j_idx = j; } else if ( *tp > peakl ) { peakl = *tp; peakl_i_idx = i;
peakl_j_idx = j; } idx = i;  else if ( *tp > peak2 ) { peak2 = *tp; peak2-i
peak2_] idx = j; }  peak_count ++;  } /* no existing overlap peak identified
in the neighborhood  allowed */ if ( *sp ==
TRACE_STATUS_OVERLAP_PEAK  { peak_count = 0;  i = 5; break;  } }
must more than one peak within neighborhood defined by  MAX
OVERLAP PEAK GAP */ /* in order to detect shift, need introduce
psudo-overlap peak  i ( peak count > 1 && peak2 >= 0 either peak ratio
must satisfy MEN_OVERLAP_PEAK_RATIO  pratio = 1.0 * peak! / peak2;



if ( pratio >= YIN-OVERLAP-PEAK-RATIO &&  pratio <= 1/MIN OVERLAP
PEAK RATIO if ( avg background peak_value < peakl * MIN _OVERLAP
PEAK RATIO  avg background peak value < peak2 * MIN OVERLAP
PEAK RATIO  mark status to indicate overlapping peak identified */ sp =
ps[peakl i idx] - MAX OVERLAP-PEAK-GAP + peakl_j_idx;  *sp =
TRACE-STATUS-OVERLAP PEAK; sp = pstpeak21_idx] - MAX
OVERLAP_PEAKGAP + peak2 j idx;  53 Splitrace.c  *sp =
TRACE-STATUS-OVERLAP-PEAK;  ret = 1; }  else /* not satisfy
background requirement  { /* mark status to indicate pseudo-overlapping
peak identified  sp = ps[peakl_i_idx] - MAX OVERLAP PEAK GAP +
peakl_j_idx;  *sp = TRACE STATUS PSEUDO OVERLAP PEAK; sp =
ps[peak2 i idx] - MAX OVERLAP PEAKGAP + peak2_j_idx;  *sp = TRACE
STATUS PSEUDO OVERLAP PEAK; or peak ratio satisfy MIN OVERLAP
COMPLETE PEAK RATIO  * and the smaller peak is a clean and
complete peak * and the background should be clean, which means
background should  be less than * smaller peak size *
MIN-OVERLAP-COMPLETE-PEAK-RATIO else if ( pratio >=
MIN_OVERLAP_COMPLETE_PEAKRATIO && pratio <=  1/MIN
OVERLAP COMPLETE-PEAK-RATIO /* loop through rest two traces and
get the biggest background value *{ short max_bg_value;  max bg value =
0; for (i = 0; i < 4; i++)  { if ( i == peak2 i idx IJ i == peakl i idx  continue; }
else  {  for (j = 0; j <= MAX-OVERLAP-PEAK-GAP * 2; j++) { to = pt[i] -
MAX OVERLAP PEAK GAP + j;  



if ( *tp > maxbg_value { max_bgvalue = *tp;  } }  } }  if ( peakl > peak2  {
satisfy background requirement  if ( maxbg_value < MIN-PEAK-VALUE
MIN-OVERLAP-COMPLETE-PEAK-RATIO &&
avg_background_peak_value < (peak2  MIN_OVERLAP_PEAK RATIO) {
for (k = 1; k <= 10; k ++)  { so = ps%peak2 i idx] - MAX OVERLAP PEAK
GAP  peak2_j_idx - k; if ( *sp > MIN-PEAK-SPACE 54 Splitrace.c  so =
ps[peakl_i_idx] - MAX-OVERLAP-PEAK-GAP +  peakl_j_idx; *sp =
TRACE STATUS OVERLAP _PEAK; sp = ps[peak2_i_idx_j -
MAXOVERLAP_PEAK_GAP +  peak2 j idx; *sp = TRACE STATUS
OVERLAP PEAK;  ret = 1; break;  } }  NOT satisfy background
requirement, mark as pseudo-overlap  peak else for (k = 1; k <= 10; k ++)
{ sp = ps[peak2_i_idxj - -MAX-OVERLAP-PEAK-GAP +  peak2_j_idx - k; if
*sp > MIN_PEAK_SPACE sp = ps[peakl_i_idx] -
MAX-OVERLAP-PEAK-GAP +  



peakl_j_idx; *sp = TRACE STATUS PSEUDO OVERLAP PEAK; sp =
ps[peak2_i_idx] - MAX-OVERLAP-PEAK-GAP +  peak2_j_idx; *sp =
TRACE STATUS PSEUDO OVERLAP PEAK;  break; }  } }  } else if peak2
> peakl  { /* satisfy background requirement, mark as overlap peak  if (
max bg_value < MIN-PEAK-VALUE
MIN-OVERLAP-COMPLETE-PEAK-RATIO &&
avgbackgroundpeak_value < (peakl  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 = ps[peakl_i_idxi -
MAX-OVERLAP-PEAK-GAP +  peaki j idx; *sp =
TRACE_STATUS_OVERLAP_PEAK; so = ps[peak2_i_idxj - MAX
OVERLAP PEAK GAP +  peak2_j_idx; *sp =
TRACE-STATUS-OVERLAP-PEAK;  re- = 1; break; 55 Splitrace.c  } }  /*
NOT satisfy background requirement, mark as pseudo-overlap  peak else
{  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 = ps[peakl_i_idx] -
MAX-OVERLAP-PEAK-GAP +  peakl j idx; *sp =
TRACE-STATUS-PSEUDO-OVERLAP-PEAK; sp = ps[peak2_i_idx] -
MAX-OVERLAP-PEAK-GAP +  peak2_j_idx; *sp = TRACES TAT
USPSEUDO OVERLAP PEAK;  break; }  } }  } }  } }  return ret;  } /* build
common peak profile as reference  * using only peak with common peak
space void build _cmn peak profile (int *num, short *tl, short *t2, short *t3,
short  *t4, int *s'_, 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 *fioatp;  /* initialize */  pt[0] = tl; pt[l] = t2;  pt[2] = t3;  pt(3] = t4;  ps [0]
= sl;  ps[l] = s2;  ps[2] = s3;  ps[3] = s4; for (i = 0; i < 4 ; i++)  { 



num_elements[ij = *num;  num++; } build init profile 56 Splitrace.c  for O =
0; j < 4; j++ { for (i = 0; i < num_elements[ji++)  { tp = pt[j] + i;  sp = ps[j] + i;
/* identify one peak with common space */  if ( *sp == profile-size { for (k =
0; k < profile size; k++)  { ppeak = tp + k;  floatp = profile + k;  *floatp =
*floatp + *ppeak;  } }  } /* normalize profile  max = -1; for (k = 0; k < profile
size; k++)  { floatp = profile + k;  if ( *floatp > max { max = *floatp;  } }  for (k
= 0; k < profile_size; k++)  { floatp = profile + k; *floatp = *floatp * 100.0 /
max;  printf ("%f\n", *floatp); }  } 



/* mark start and end of valid peak range */ void mark_valid_peak_range
(int *num, int *sl, int *s2, int *s3, int *s4)  { int nun elements[4]; int i, j, k,
done, min_elenum, start_peak_count, end_peak_count;  int *ps[4], *sp; /*
initialize */  ps[0] = sl;  ps[1] = s2;  ps[2] = s3;  ps[3] = s4; start peak count
= 0;  end_peak_count = 0;  minelenum = 99999999;  for (i = 0; i < 4 ; i++)
{ nun elements(i] = *num;  num++; 57 Splitrace.c  if ( min_elenum >
num_elements[ij { min_elenum = num_elements[i];  } }  /* mark valid peak
start  done = 0; for (i = IGNORE-DATA-INDEX; i < min_elenum -
IGNORE-DATA-INDEX; i++)  { for ( j = 0; j < 4; j++  { sp = ps[jj + i; if ( *sp
== TRACE_STATUS_PEAK  { start_peak_count ++; if ( start_peak_count
== IGNORE_START_PEAK_NUM  { for (k = 0; k < 4; k++  { so = ps[k] + i; 



*sp = TRACE-STATUS-VALID-PEAK;  done = 1; break;  } }  } if ( done  {
break;  } }  /* mark valid peak end  done = 0; for (i = min_elenum -
IGNORE_DATA_INDEX; i > IGNORE_DATA_INDEX; i--)  { for (j = 0; j < 4;
j++)  { sp = ps[j] + i; if ( *sp == TRACE_STATUS_PEAK  {
end_peak_count ++; if ( end_peak_count ==
IGNORE_START_PEAK_NUM  { for (k = 0; k < 4; k++  { so = ps[k] + i; *sp
= TRACE-STATUS-VALID-PEAK;  } done = 1;  break;  } }  if ( done 58
Splitrace.c  { break;  } }  } 



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



} return cmnspc;  } /* scan trace to determine peak position and peak
spacing * parameters: number of element, trace array, status array  59
Splitrace.c  void scan-trace (int num, int ignore_idx, short *trace, int
*status)  { int i, total peak num;  short * trace_idx;  int * status idx; /* ignore
first ignore_idx data points  for ( i = 0; i < ignore idx; i ++ )  status_idx =
status + i; *status idx = TRACE STATUS NOTHING;  /* ignore last
ignore_idx data points for ( i = mum - ignore_idx; i < num; i ++  { status idx
= status + i;  *status_idx = TRACE_STATUS_NOTHING;  } /* scan traces
total peak num = 0; for ( i = 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
++; }  } printf ("total peak number identified %d\n", total peak num);  /* get
peak size, return 0 if not start of peak in, peak_size (short *trace)  short
sleft, start, sright;  short * otrace; 



short peakspace[50]; int psize, up, down, i, max value;  ptrace = trace;
ptrace - slet = *ptrace;  ptrace ++;  start = *ptrace;  ptrace ++;  sright =
*ptrace;  psize = 0; 60 Splitrace.c  max-value = 0; if start <= sleft &&  start
< sright && start <= MAX PEAK START VALUE  /* fill the space array for
(i = 0; i < MAX_PEAK_SPACE; i++)  { ptrace = trace + i;  peakspace[i] =
*ptrace;  } /* scan the space array  up = 0; down = 0; for (i = 0; i < MAX
PEAK SPACE - 1; i++)  { if ( peakspace[i] >= max_value  { max_value =
peakspace[i];  } psize = i + 1; /* check if reach peak end  ( up * dowr. == 1
&& if peakspace'L4.) <= 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;  } } check if psize valid  if (
up * down == 1 && peakspace[i] <= MAX PEAK END VALUE &&  psize >
MIN PEAK SPACE && max-value >= MIN-PEAK-VALUE  { /* satisfied, do
nothing */  } else 61 Splitrace.c  psize = 0; }  } /* if ( psize > 0 ) { printf
("peak size %d\n", psize); } */  return psize; }  /* return 1 if is peak,
otherwise return 0 */  int is_peak (short *trace, int *status) { short m[25],
p[25}, peak;  int ispeak, short *ptrace; int *pstatus, mstatus[25];  



ptrace = trace; pstatus = status; for (i = 0; i < 25; i++)  { ptrace --,  pstatus
m[i] = *ptrace;  mstatus[i] = *pstatus;  } ptrace = trace; for (i = 0; i < 25; i++)
{ ptrace ++; p[i] = *ptrace;  } peak = *trace; if (-peak < MIN-PEAK-VALUE
{ ispeak = 0;  else { int moheck level one = 1;  int mcheck level two = 1;  int
pcheck level one = 1;  int pcheck level-two = 1;  ispeak = 1; I* decide if
peak, check both side * one side should satisfy PEAK DETERMINE
CHECK WINDOW LEVEL ONE  another side should satisfy PEAK
DETERMINE CHECK WINDOW LEVEL TWO  for (i = 0; i <
PEAK-DETERMINE-CHECK-WINDOW-LEVEL-TWO; i++) { /* no peak
existing in the neighborhood */  if ( mstatus[i] == 1 ) { ispeak = 0; break;}  /*
check if phisical peak if ( peak < m[i]  { mcheck_level_two = 0; 62
Splitrace.c  if ( peak < p[i] 



{ pcheck level two = 0;  } }  for (i = 0; i <
PEAK-DETERMINE-CHECK-WINDOW-LEVEL-ONE; i++)  { no peak
existing in the neighborhood */  if ( mstatus[i] == 1 ) { ispeak = 0; break;}  /*
check if phisical peak */ if ( peak < m[i]  { mcheck_level_one = 0;  } if (
peak < p[i]  { pcheck_level_one = 0;  } }  if ( mcheck level one +
mcheck_level_two + pcheck level one +  pcheck level_two < 3 { ispeak =
0;  } /* previous version, only one level *for (i = 0; i < PEAK DETERMINE
CHECK WINDOW LEVEL ONE; i++)  * if ( mstatus[i] I ) { 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 * if ( m[l] * 1.0 / peak >= FLAT PEAK
SIGNATURE &&  * p[1] * 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, *pt2; for ( i = 0; i < 25; i ++  



{ ptl = trace -  pt2 = trace - i - 1; if ( *pt2 <= MAX_PEAK_START_VALUE II
*pt2 > *ptl )  { 63 Splitrace.c  break; }  } left width = i; for ( i = 0; i < 25; i ++
{ ptl = trace + i;  pt2 = trace + i + 1; if ( *pt2 <= MAX PEAK START VALUE
II *pt2 > *uti  { break;  } }  right width = i; if ( left-width + right width >
MAX-ALLOWED-PEAK-WIDTH  { ispeak = 0;  } /* calculate avg
background peak  if ( ispeak ) { total-Peak-count ++; /* see
calculate_avg_background_peak */ /* if ( *trace < MIN PEAK VALUE *
BACKGROUND PEAK FACTOR }  * { * avg_background peak value +=
*trace;  * background peak count ++; * }  return ispeak;  } copy traces to
two sets of arrays void fill traces(int *num,short *tl,short *t2 , short *t3,
short *t4,short  *al short *a2, short *a3, short *a4 , short *bl, short *b2,
short *b3, short  



*b4 ) { int num elements[4], i; short *xl, *x2 , *x3 , *x4 , *yl , *y2 , *y3 , *y4
*zl , *z2, *z3, *z4;  for(i = 0; i< 4 ; i++){ num_elements[i] _ *num; printf(" in
fill %d\n", nun elements[i]F;  num++; }  xl = ti;  yl = al;  x2 = t2;  y2 = a2;  x3
= t3;  y3 = a3;  x4 = t4; 64 Splitrace.c  y4 = a4; /* Fill the FIRST TRACE.
for( i =0; i < num_elements[0]; i++){  *yl = *x1; xl++;  yl++;  } for( i =0; i <
num_elements[i7; i++){  *y2 = *x2; x2++;  y2++;  } for( i =0; i <
num_elements[2]; i++){  *y3 = *x3; y3++;  } for( i =0; i <num_elements[33;
i++){  y4 = *x4; x4++;  y4++;  } I* FILL THE SECOND TRACE.  



X1 = ti; zi = bl;  x2 = t2;  z2 = b2;  x3 = t3;  z3 = b3;  x4 = t4;  z4 = b4; for( i
=0; i < nun elements[0]; i++){  *zl = *xl; xl++;  zl++;  } for( i =0; i <
num_elements[i]; i++){  *z2 = *x2; x2++;  Z2++;  } for( i =0; i < num
elemen*_s[23; i++)(  *z3 = *x3; x3++;  z3++;  } for( i =0; i < nun
elements[3]; i++){  *z4 = *x4; x4++; 65 Splitrace.c  z4++; }  } /* write file
offset using given data array void write_files(FILE *fp int *num, short *size,
int *offset, short *al  short *a2, short *a3 , short *a4) { fseek(fp, *offset,
SEEK SET);  fwrite(al, *size *num fp);  num++; size++;  offset++;  



fseek(fp, *offset, SEEK SET); fwrite(a2, *size *num fp);  num++; size++;
offset++;  fseek(fp, *offset, SEEK SET); fwrite(a3, *size ,*num , fp)
num++; size++;  offset++;  fseek(fp, *offset, SEEK SET); fwrite(a4, *size
*num , fp);  num++; size++;  offset++;  } 66 Claims:  1. A method of
processing an input nucleic acid chromatogram from a heterozygous
nucleic  acid sample having a plurality of substantially simultaneous
traces, each trace in said  plurality of traces having a plurality of
datapoints and each respective datapoint in each said  plurality of
datapoints representing a signal amplitude at a position in the trace
corresponding  to the respective datapoint, the method comprising:
identifying a first peak in a first trace in said plurality of traces that is
substantially  overlapping a second peak in a second trace in said plurality
of traces; and outputting said first peak to a first output homozygous
representation of said  heterozygous nucleic acid sample and said second
peak to a second output homozygous  representation of said
heterozygous nucleic acid sample. 2. The method of claim I wherein said
first output homozygous representation is a first homozygous sequence
representation of said input nucleic acid chromatogram; and said second
output homozygous representation is a second homozygous sequence
representation of said input nucleic acid chromatogram. 3. The method of
claim I 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; and (C)
identifying a coordinate in said input nucleic acid chromatogram that is
within an overlap threshold number of datapoints of (i) a first datapoint
having a 67 maximal value in said first peak and (ii) a second datapoint
having a maximum value in said  second peak. 5. The method of claim 4
wherein said first peak is substantially overlapping said second peak
when said first datapoint and said second datapoint are between two
datapoints and seven  datapoints apart. 6. The method of claim 4 wherein
said first peak is substantially overlapping said second peak  when said
first datapoint and said second datapoint are less than three datapoints
apart. 7. The method of any one of the preceding claims wherein said first
peak and said second peak  each independently comprise between five
datapoints and forty datapoints. 8. The method of any one of the
preceding claims wherein said input chromatogram is in an ABI  trace file
format, a SCF file format, a ZTR file format, or an ALF file format. 9. The
method of any one of the preceding claim wherein said first output
homozygous  representation and said second output homozygous
representation are each written in an ABI trace  file format, a SCF file
format, a ZTR file format, or an ALF file format. 10. The method of any
one of the claims 4 to 9 wherein, when there is more than a threshold
number of peaks in said input chromatogram in a predetermined region
about said coordinate,  said first peak and said second peak are each
written to both said first output homozygous  representation and said
second output homozygous representation. 11. The method of claim 10
wherein said threshold number of peaks is between two  peaks and five
peaks. 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 68 ratio value, said first
peak and said second peak are each written to said first output
homozygous representation and said second output homozygous
representation. 14. The method of claim 13 wherein said threshold ratio
value is at least 0.20.  15. The method of claim 13 wherein said threshold
ratio value is at least 0.40. 16. The method of any one of the claims 4 to
12 and 14 or 15 wherein, when a ratio between  said first datapoint of said
first peak and said second datapoint of said second peak is less  



than a threshold ratio value, said first peak and said second peak are
each written to said  first output homozygous representation and said
second output homozygous representation.  17. The method of any one of
the claims 4 to 16, the method further comprising: determining an average
peak background value for said input nucleic acid  chromatogram, and
writing said first peak and said second peak to said first output
homozygous  representation and said second output homozygous
representation when either said first  datapoint of said first peak or said
second datapoint of said second peak is less than said  average peak
background value. 18. The method of claim 17 wherein the average peak
background value is calculated by: (i) comparing (a) a datapoint in a test
trace in said plurality of traces that has a  maximal value of a peak in said
test trace to (b) the corresponding datapoint that has a  maximal value in a
corresponding region of another trace in said plurality of traces; (ii)
repeating the comparison of said datapoint in said test trace to the
corresponding datapoint that has a maximal value in a corresponding
region of another  trace in said plurality of traces until each trace in said
plurality of traces has been compared  in said comparing (i), wherein
when said datapoint in said test trace has a value that is larger than the
value held by the corresponding datapoint of each other trace in said
plurality of traces, the value  of said datapoint is added to a counter; 69
(iii) repeating the comparing (i) and the repeating (ii) using a different
datapoint that  has a maximal value of a different peak hi said test trace
until all or a portion of the peaks in  said test trace have been compared
by said comparing (i); (iv) repeating said comparing (i), said repeating (ii),
and said repeating (iii) using a  different test trace in said plurality of traces
until each trace in said plurality of traces has  been considered as a test
trace in said comparing (i); and (v) averaging said counter by a number of
peaks added to said counter thereby  obtaining said average peak
background value. 19. The method of any one of claims 4 to 18, wherein
said input nucleic acid  chromatogram represents a nucleic acid sequence
from a heterozygous nucleic acid sample,  the method further comprising:
scanning said input nucleic chromatogram for a point of insertion or
deletion in said  heterozygous nucleic acid sample; wherein when said a
point of insertion or deletion is found and said coordinate is after said
point, said first peak and said second peak are each written to said first
output homozygous  representation and said second output homozygous
representation. 20. The method of claim 19 wherein said scanning
comprises counting a number of peaks  that occur in said plurality of
traces after said coordinate, wherein when said number of  peaks exceeds
an insertion/deletion threshold number, said coordinate is determined to
be  



said point of insertion or deletion in said heterozygous nucleic acid
sample. 21. The method of claim 20 wherein said insertion/deletion
threshold number is between 25  and 75. 22. The method of claim 20
wherein said insertion/deletion threshold number is between 75  and 200.
23. The method of any one of claims 19 to 22 wherein said scanning
comprises determining  the percentage of peaks that overlap in said
plurality of traces after said coordinate, wherein,  when said percentage of
peaks that overlap exceeds an insertion/deletion 70 threshold percentage,
said coordinate is determined to be said point of insertion or deletion  in
said heterozygous nucleic acid sample. 24. The method of claim 23
wherein said insertion/deletion threshold percentage is  between two
percent and ninety percent. 25. The method of claim 23 wherein said
insertion/deletion threshold percentage is  between ten percent and fifty
percent. 26. The method of any one of the preceding claims wherein said
input nucleic acid  chromatogram represents a nucleic acid sequence from
a heterozygous nucleic acid  sample and wherein, prior to said outputting,
said method comprises multiplying said first  peak and said second peak
by a scaling constant. 27. The method of claim 26 wherein said scaling
constant is between 1.1 and 3.2.  28. The method of claim 26 wherein
said scaling constant is 2.0. 29. The method of any one of the preceding
claims, the method further comprising:  generating a common peak profile
for a plurality of peaks in said input nucleic  acid chromatogram, and, prior
to said outputting; and checking said first peak or said second peak
against said common peak profile.  30. The method of claim 29 wherein
said generating comprises: determining the average number of datapoints
in the peaks in said input nucleic  acid chromatogram; and averaging a
profile of all or a portion of the peaks in said input nucleic acid
chromatogram that have said average number of datapoints, thereby
forming said  common peak profile. 31. The method of claim 29 or 30
wherein said checking comprises determining whether a  value of a test
datapoint in said first peak or said second peak exceeds, by an error
percentage, a value of the datapoint in said common peak profile that
corresponds to said  test datapoint. 71 32. The method of claim 31
wherein said error percentage is between 0.01 and 0.4.  33. The method
of claim 31 wherein said error percentage is 0.1. 34. The method of any
one of the preceding claims wherein said plurality of traces in said  input
chromatogram nucleic acid consists of a first trace for guanine, a second
trace for  



cytosine, a third trace for adenosine and a fourth trace for thymine. 35. A
computer readable medium having computer-executable instructions for
performing  the steps of the method of any one of the preceding claims.
36. A computer program product for use in conjunction with a computer
system, the  computer program product comprising a computer readable
storage medium and a computer  program mechanism embedded therein,
the computer program mechanism for processing an  input nucleic acid
chromatogram from a heterozygous nucleic acid sample having a plurality
of substantially simultaneous traces, the computer program mechanism
comprising: instructions for identifying a first peak in a first trace in said
plurality of traces that is  substantially overlapping a second peak in a
second trace in said plurality of traces; and  instructions for outputting said
first peak to a first output homozygous representation of said
heterozygous nucleic acid sample and said second peak to a second
output homozygous  representation of said heterozygous nucleic acid
sample. 37. The computer program product of claim 36 wherein said first
output homozygous representation is a first homozygous sequence
representation of said input nucleic acid chromatogram; and said second
output homozygous representation is a second homozygous sequence
representation of said input nucleic acid chromatogram. 38. The computer
program product of claim 36 wherein said first output homozygous
representation is a first homozygous nucleic acid  chromatogram; and said
second output homozygous representation is a second homozygous
nucleic acid  chromatogram. 72 39. The computer program product of any
one of the claims 36 to 38 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; and (C) 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. 40. A computer system for
processing an input nucleic acid chromatogram from a  heterozygous
nucleic acid sample having a plurality of substantially simultaneous traces,
the  computer system comprising: a central processing unit; 



a memory, coupled to the central processing unit, the memory storing:
said input nucleic acid chromatogram; and a program module, said
program module comprising: instructions for identifying a first peak in a
first trace in said plurality of traces  that is substantially overlapping a
second peak in a second trace in said plurality of traces;  and instructions
for outputting said first peak to a first output homozygous  representation
of said heterozygous nucleic acid sample and said second peak to a
second  output homozygous representation of said heterozygous nucleic
acid sample. 41. The computer system of claim 40 wherein said first
output homozygous representation is a first homozygous sequence
representation of said input nucleic acid chromatogram; and said second
output homozygous representation is a second homozygous sequence
representation of said input nucleic acid chromatogram. 42. The computer
system of claim 40 wherein  73 said first output homozygous
representation is a first homozygous nucleic acid  chromatogram; and said
second output homozygous representation is a second homozygous
nucleic acid  chromatogram. 43. The computer system of 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; and (C) 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 74 datapoint having a maximal value in said first
peak and (ii) a second datapoint having a maximal  value in said second
peak. 46. The computer program product of claim 45 wherein said overlap
threshold number is  between two datapoints and seven datapoints. 47. A
method of processing an input nucleic acid chromatogram having a
plurality of  substantially simultaneous traces, each trace in said plurality
of traces having a plurality of  datapoints and each respective datapoint in
each said plurality of datapoints representing a  signal amplitude at a
position in the trace corresponding to the respective datapoint, the method
comprising: identifying a first peak in a first trace in said plurality of traces
that is substantially  overlapping a second peak in a second trace in said
plurality of traces; base-calling said first peak to form a base
representation of said first peak;  base-calling said second peak to form a
base representation of said second  peak; outputting 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  sequence. 75 




