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SYSTEM AND METHOD FOR 
CONSENSUS-CALLING WITH PER-BASE 

QUALITY VALUES FOR SAMPLE 
ASSEMBLIES 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a divisional of application Ser. 
No. 10/279,746, ?led Oct. 23, 2002, Which claims a priority 
bene?t to Provisional Application No. 60/ 336,278, ?led Oct. 
25, 2001 and Provisional Application No. 60/396,240, ?led 
Jul. 15, 2002, all of Which are incorporated herein by refer 
ence. 

BACKGROUND 

[0002] 1. Field 
[0003] The present teachings generally relate to nucleic 
acid analysis, and in various embodiments, to a system and 
methods for sequence data processing and consensus 
sequence analysis. 
[0004] 2. Description of the Related Art 
[0005] Advances in automated nucleic acid sequence 
analysis have revolutionized the ?elds of cellular and molecu 
lar biology. As a result, it is noW feasible to sequence Whole 
genomes as is evidenced by the completion of sequencing the 
3-billion-base human genome. When using automated sys 
tems, it is important to maintain a high degree of accuracy 
With respect to the identi?cation of individual nucleotide 
bases. Oftentimes, base identi?cation is predicated upon raW 
data obtained from electrophoretic and/ or chromatographic 
information Which is resolved to identify each base Within a 
sequence undergoing analysis. Numerous factors may affect 
this analysis including, for example, the base composition of 
the sequence, experimental and systematic noise, migration 
anomalies (compressions and stretches), variations in 
ob served signal strength for the detected bases, and variations 
in reaction e?iciencies. The presence of mixed-bases in a 
sample may present further di?iculties for conventional sys 
tems to properly resolve and identify. Mixed-bases may be 
representative of sequence variants contained Within a sample 
and may arise from allelic variation or genetic heteroZygosity. 
Mixed-bases may also represent regions Within a sample 
sequence Where more than one putative base can be identi?ed. 
Conventional systems may overlook or erroneously identify 
these regions thereby degrading the accuracy of the sequence 
analysis. As a result, there is a need for an improved method 
ology by Which mixed-bases can be identi?ed and evaluated. 

SUMMARY 

[0006] In various embodiments, the methods described 
herein desirably make use of per-base quality values for input 
sequence fragments and generate a single output quality value 
for each consensus basecall. In generating this basecall, the 
methods take into account factors Which may undesirably 
skeW many conventional quality value assessment routine As 
Will be described in greater detail hereinbeloW, one method by 
Which such problems are addressed by the present teachings 
incorporates the use of differential quality value assessment 
and Weighted basecall voting. 
[0007] An additional feature of the present teachings 
involves the ability to resolve mixed-basecalls using informa 
tion from the aligned sequence fragments. Rigorous mixed 
basecall resolution may be desirable as it may improve the 
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quality of the output consensus sequence and remove uncer 
tainty related to the presence of mixed-basecalls in the con 
sensus sequence. Furthermore, unlike many conventional 
methods Which may lack the ability to perform detailed 
analysis on mixed-basecalls, the present teachings may be 
used to improve mixed-basecall analysis and identify features 
such sequence heteroZygotes, single nucleotide polymor 
phisms, and heterogeneous sequence mixtures. 
[0008] In one aspect, the invention comprises an analysis 
method for evaluating the composition of a sample sequence 
comprising a plurality of nucleotide bases, the method further 
comprising: Receiving assembly information for at least one 
sequence fragment Wherein the assembly information com 
prises a plurality of putative basecalls spanning at least a 
portion of the sample sequence; Resolving the assembly 
information to thereby align the putative basecalls; Identify 
ing quality values associated With at least one of the putative 
basecalls; and Generating a consensus basecall and a consen 
sus quality value for each of the aligned putative basecalls 
Wherein the consensus basecall corresponds to a predicted 
base Within the sample sequence and the consensus quality 
value corresponds to a calculated degree of con?dence in the 
consensus basecall obtained, in part, from the quality values 
for the at least one putative basecalls. 

[0009] In another aspect, the invention comprises a base 
calling method for predicting the composition of a polynucle 
otide sequence, the method further comprising: Receiving 
information for a plurality of sequence fragments comprising 
basecalls spanning at least a portion of the sample sequence 
and corresponding quality values indicative of a calculated 
degree of con?dence in the basecalls;Aligning the plurality of 
sequence fragments to identify regions of basecall overlap 
betWeen the sequence fragments; and Calculating a consen 
sus basecall and a consensus quality value for the regions of 
basecalling overlap in the aligned sequence fragments 
Wherein the consensus quality values are determined using 
the quality values for the basecalls of the sequence fragments. 
[0010] In still another aspect, the invention comprises a 
method for basecall resolution during sequence analysis, the 
method further comprising: Comparing a plurality of initial 
basecalls corresponding to one or more overlapping sequence 
fragments; Identifying agreement betWeen the initial base 
calls as a consensus basecall; Performing a re-calling opera 
tion When there is a lack of agreement betWeen the initial 
basecalls using a more rigorous basecalling routine to gener 
ate one or more stringent basecalls and thereafter identifying 
agreement betWeen the initial basecalls and stringent base 
calls as the consensus basecall; Performing a Weighted vote 
for those basecalls that lack of agreement betWeen the initial 
basecall and the stringent basecall to identify the consensus 
basecall as the basecall With the greatest Weighted vote; and 
Determining a quality value for the consensus basecall. 
[0011] In a still further aspect, the invention comprises a 
system for predicting the composition of a polynucleotide 
sequence, the system further comprising: A sample process 
ing module that receives information for a plurality of 
sequence fragments, the sample processing module provid 
ing functionality for identifying basecalls spanning at least a 
portion of the sample sequence and corresponding quality 
values indicative of a calculated degree of con?dence in the 
basecalls; A specimen processing module that assembles the 
plurality of sequence fragments to identify regions of basecall 
overlap betWeen the sequence fragments; and A project pro 
cessing module that calculates a consensus basecall and a 
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consensus quality value for the regions of basecalling overlap 
in the assembled sequence fragments wherein the consensus 
quality values are determined using the quality values for the 
basecalls of the sequence fragments. 
[0012] In yet another aspect, the invention comprises a 
system for basecall resolution comprising: At least one mod 
ule which provides functionality for comparing a plurality of 
initial basecalls corresponding to one or more overlapping 
sequence fragments so as to identify agreement between the 
initial basecalls to generate a consensus basecall; the at least 
one module further used to perform a re-calling operation 
when there is a lack of agreement between the initial basecalls 
using a more rigorous basecalling routine to generate one or 
more stringent basecalls and thereafter identifying agreement 
between the initial basecalls and stringent basecalls as the 
consensus basecall; the at least one module further perform 
ing a weighted vote for those basecalls that lack of agreement 
between the initial basecall and the stringent basecall to iden 
tify the consensus basecall as the basecall with the greatest 
weighted vote and thereafter determining a quality value for 
the consensus basecall. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] These and other aspects, advantages, and novel fea 
tures of the present teachings will become apparent upon 
reading the following detailed description and upon reference 
to the accompanying drawings. In the drawings, similar ele 
ments have similar reference numerals. 
[0014] FIGS. 1A,B illustrate exemplary chromatograms 
for sample polynucleotides. 
[0015] FIGS. 2A,B illustrate exemplary chromatograms 
having mixed-base features. 
[0016] FIG. 3 illustrates an exemplary consensus sequence 
assembly. 
[0017] FIG. 4 illustrates an overview of an exemplary 
analysis schema for consensus sequence analysis. 
[0018] FIG. 5A is a ?owchart illustrating one embodiment 
of a consensus basecalling method. 
[0019] FIG. 5B illustrates an exemplary chromatogram and 
sample assembly for a plurality of aligned sequence frag 
ments. 

[0020] FIG. 6A is a ?owchart illustrating one embodiment 
of a method for identifying local mixed-base noise levels. 
[0021] FIG. 6B illustrates an exemplary mixed-base noise 
level assessment for a sample sequence. 
[0022] FIG. 7 is a ?owchart illustrating one embodiment of 
a method for local quality values assessment. 
[0023] FIG. 8A is a ?owchart illustrating one embodiment 
of a consensus-basecalling method. 
[0024] FIG. 8B is a ?owchart illustrating one embodiment 
of a consensus-basecalling method for mixed-base analysis. 
[0025] FIG. 9 is block diagram illustrating exemplary mod 
ules for a sequence analysis software application. 

DESCRIPTION OF THE CERTAIN 
EMBODIMENTS 

[0026] Reference will now be made to the drawings 
wherein like numerals refer to like elements throughout. As 
used herein, “target”, “target polynucleotide”, “target 
sequence” and “target base sequence” and the like refer to a 
speci?c polynucleotide sequence that is subjected to any of a 
number of sequencing methods used to determine its base 
composition (e.g. base sequence). The target sequence may 
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be composed of DNA, RNA, analogs thereof, or combina 
tions thereof. The target may further be single-stranded or 
double-stranded. In sequencing processes, the target poly 
nucleotide that forms a hybridization duplex with a sequenc 
ing primer may also be referred to as a “template”. A template 
serves as a pattern for the synthesis of a complementary 
polynucleotide (Concise Dictionary of Biomedicine and 
Molecular Biology, (1996) CPL Scienti?c Publishing Ser 
vices, CRC Press, Newbury, UK). The target sequence may 
be derived from any living or once living organism, including 
but not limited to prokaryote, eukaryote, plant, animal, and 
virus, as well as synthetic and/ or recombinant target 
sequences. 

[0027] Furthermore, as used herein, “sample assembly” 
and “assembly” refer to the reassembly or consensus analysis 
of smaller nucleotide sequences or fragments, arising from 
individually sequenced samples that may comprise at least a 
portion of a target sequence. By combining the information 
obtained from these fragments a “consensus sequence” may 
be identi?ed that re?ects the experimentally determined base 
composition for the target sequence. 
[0028] Nucleic acid sequencing, according to the present 
teachings, may be performed using enZymatic dideoxy chain 
termination methods. Brie?y described, these methods utiliZe 
oligonucleotide primers complementary to sites on a target 
sequence of interest. For each of the four possible bases 
(adenine, guanine, cytosine, thymine), a mixed population of 
labeled fragments complementary to a least a portion of the 
target sequence may be generated by enzymatic extension of 
the primer. The fragments contained in each population may 
then be separated by relative siZe using electrophoretic meth 
ods, such as gel or capillary electrophoresis, to generate a 
characteristic pattern or trace. Using knowledge of the termi 
nal base composition of the oligonucleotide primers along 
with the trace information generated for each reaction allows 
for the base sequence of the target to be deduced. For a more 
detailed description of sequencing methodologies the reader 
is referred to DNA sequencing with chain-terminating inhibi 
tors, Sanger et. al., (1977) and A system for rapid DNA 
sequencing with ?uorescent chai n-Zermi nalin g dideoxynucle 
olides, Prober at al. (1987). 
[0029] The aforementioned sequencing methodology may 
be adapted to automated routines so as to permit rapid iden 
ti?cation of sample sequence compositions. In one exemplary 
automated application, polynucleotide fragments corre 
sponding to the sample sequence are labeled with ?uorescent 
dyes to distinguish and independently resolve each of the four 
bases in a combined reaction. In one aspect, a laser tuned to 
the excitation wavelength of each dye may be used in com 
bination with a selected electrophoretic resolving/ separation 
method to generate a distinguishable signal for each base. A 
detector may then transform the emission or intensity signal 
information into a chromatographic trace representative of 
the composition of the sample sequence. The resulting data 
may then be subsequently processed by computeriZed meth 
ods to determine the base sequence for the sample. For a more 
detailed description of a conventional automated sequencing 
system the reader is referred to DNA Sequencing Analysis: 
Chemistry and Safety Guide ABI PRISM 377 (Applied Bio 
systems, CA) and ABI PRISM SegScapeTM So?ware Version 
1.1 User Guide (Applied Biosystems, CA). 
[0030] FIG. 1A illustrates a portion of an exemplary chro 
matographic trace or chromatogram 100 for a sample poly 
nucleotide that may be subjected to automated analysis in the 
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aforementioned manner. The trace comprises ?uorescence 
information translated into a series of peaks 110 for each of 
the bases, With each peak 110 representative of the detected 
signal or intensity for one of the four bases (G, A, T, C). This 
information may be plotted as a function of time and the 
composition of the sample sequence may be identi?ed by 
determining the order of appearance of peaks 110 in the 
chromatogram. When evaluating each peak’s intensity rela 
tive to other peaks in the same localiZed region, a basecall 
may be made Which identi?es the base that is likely to be 
present at the selected position. Generally, each base position 
in the chromatograph corresponds to a single predominate 
peak that may be related to the base at that position Within the 
sample sequence. For example, a base sequence 120 corre 
sponding to ‘GGAATGCC’ is identi?ed by the trace 100. 
[0031] One confounding characteristic of many sequenc 
ing traces that may affect the basecalling accuracy of conven 
tional systems is that for any given peak position, signals may 
be present Which correspond to one or more of the bases. 
Thus, for a selected peak position 130, a plurality of signal 
components 140-143 may be observed Which may corre 
spond to a G-signal component 140, an A-signal component 
141, a T-signal component 142, and/or a C-signal component 
143. The intensity of each detected base component is related 
to many factors and may include noise and reaction e?iciency 
variations. 

[0032] In one aspect, When performing base identi?cation 
or “basecalling” it is necessary to distinguish spurious or 
noise-related signals 145 from the base peaks 140 corre 
sponding to the actual base present Within the selected peak 
position 130. To this end, basecalling operations may incor 
porate functions that manipulate and/ or normalize the chro 
mato graphic data to account for systematic and experimental 
variations to thereby aid in the resolution and identi?cation of 
bases corresponding to each of the peaks at the selected peak 
positions. 
[0033] When analyZing chromatographic traces, for each 
selected peak position 130 there may be tWo or more identi 
?able peaks indicating a single basecall may not be the appro 
priate basecall. FIG. 1B illustrates an exemplary chromato 
graphic trace 150 having tWo or more identi?able peaks for a 
selected peak position 130 Wherein a G-signal component 
160 and anA-signal component 161 are present. The intensity 
of each signal component 160-161 may be such that the “true” 
basecall for this position Within the sample sequence is not 
immediately obvious. In the illustrated embodiment, the 
basecall for the selected peak position 130 might be inter 
preted as either ‘G’ and/or ‘A’. In the absence of additional 
data a value of ‘R’ might therefore be assigned to the selected 
peak position 130. According to the example described 
above, in instances Where the base identity for a selected peak 
position 130 remains uncertain, the constituent bases may be 
identi?ed to generate a compound or mixed-basecall. Many 
conventional sequence analysis methodologies are limited 
With respect to their ability to resolve mixed-basecalls and as 
a result the identi?ed sequence may contain undesirable 
regions of uncertainty Wherein the identity of the base cannot 
be reported With substantial certainty. 
[0034] An important consideration When identifying 
mixed-bases Within a sample sequence is that the actual base 
composition at the region of Where the mixed-base is 
observed may re?ect a single base or more than one base. As 
shoWn in FIG. 2A an exemplary chromatogram 200 having a 
candidate mixed-base at the selected peak position 130 arises 
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from a single sample sequence ‘GGAATGCC’. In this 
instance, one of the tWo identi?ed signal components 205, 
210 may arise from an actual sample sequence base With the 
second signal component representative of nonspeci?c or 
?uorescence unrelated to the base composition of the target. 
The nonspeci?c ?uorescence may further result, for example, 
from anomalous instrumental/reaction variations and/or 
noise that may appear Within the chromatographic trace as a 
putative base signal. 
[0035] In FIG. 2B an exemplary chromatogram 250 having 
a candidate mixed-base ‘S’ at the selected peak position 130 
may arise from tWo sample sequences ‘GGAATGCC’ and 
‘GGAATCCC’. In this instance, both identi?ed peak compo 
nents 255, 260 may be representative of discrete bases both of 
Which may be present in the sample. It Will be appreciated that 
mixed-base presence as described above may result from 
allelic variations and/or genetic heteroZygosity in the sample 
giving rises to tWo or more discrete sequences. In various 
embodiments, the present teachings desirably improve the 
ability to distinguish mixed-base chromatogram characteris 
tics and may improve recognition and identi?cation of sample 
sequences containing more than one sequence variant. Unlike 
conventional systems Which may overlook or misidentify 
sequence related information in the region of mixed-bases, 
various embodiments of the present teachings describe spe 
cialiZed routines that may aid in the identi?cation of mixed 
base regions. Additionally, as Will be described in greater 
detail hereinbeloW, these methods may desirably improve the 
accuracy of discriminating betWeen sequence variations and 
mixed-bases Whose composition resolves to a single base. 
Furthermore, various embodiments of the present teachings 
desirably evaluate quality values assigned to sequence frag 
ments and produce a single consensus quality value. The 
consensus quality value may be useful in better understanding 
the estimated accuracy of each basecall including pure-bases, 
mixed-bases, and gaps identi?ed by the automated sequenc 
ing routines. 
[0036] Consensus sequence analysis is one method for 
improving the accuracy of basecalling, including discrimina 
tion in mixed-base regions, and may be used to assess mul 
tiple sample sequence fragments. In one aspect, consensus 
sequencing comprises an evaluation of redundant or overlap 
ping sequence fragments that correspond to at least a portion 
of the sample sequence of interest. During this analysis, the 
results from the sequence fragments are included in a com 
bined analysis Wherein some overlapping or redundant 
sequence information may be obtained for the sample 
sequence. Using redundant sequence information in this 
manner provides a means to improve the validation of base 
calls as compared to single sequence fragment analysis alone. 
[0037] FIG. 3 illustrates an exemplary consensus sequence 
based approach that may be used in conjunction With the 
present teachings Wherein the base sequence 300 for a sample 
is determined by assembling the results from a plurality of 
sample sequence fragments 305. When performing sequenc 
ing in this manner, sequence fragments 305, typically of 
various siZes and orientations, may be independently 
sequenced. Using sequence comparison routines, regions of 
homology 310 betWeen sequence fragments 305 may be 
observed. These regions 310 may further be used to position 
and orient the sequence fragments 305 With respect to one 
another to obtain the assembled consensus sequence Which in 
one aspect is re?ective of the experimentally determined 
sample sequence. Using overlapping or redundant regions of 
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sequence homology 310 between sequence fragments 305 
additionally provides a means for validating the sequence and 
may further be used in identi?cation of mixed-bases. As pre 
viously indicated, a mixed-base may be called When there are 
tWo or more peaks present in the selected peak position of the 
electropherogram. These peaks may correspond to distin 
guishable bases 315 in the sequence fragments 305 (‘C’ and 
‘T’ in the illustrated example) and may generate a mixed 
basecall in the sample sequence 320 (‘Y’ in the illustrated 
example). In one aspect, the difference betWeen bases for a 
selected position in a sample sequence may be indicative of 
heteroZygosity for an allele being sequenced and may suggest 
the presence of a single nucleotide polymorphism (SNP). 
Additionally, mixed-bases may arise When sequencing vari 
ous sample sequences including those obtained from viral or 
microbial populations, pooled samples, or sequencing of 
PCR fragments obtained from heterogeneous tissue samples. 
[0038] The various embodiments of the present teachings 
provide means for identi?cation of the composition of mixed 
base regions and may aid in distinguishing mixed-bases 
called in these regions from noise or other confounding fac 
tors. Additionally, the basecalling methods described herein 
may be used to resolve mixed-base sequences to identify one 
or more associated pure-bases. One factor Which presents a 
problem for many conventional systems is the presence of 
sequencing chemistry noise. Noise of this type may appear in 
the electropherogram and may possess a similar signature to 
that of a mixed-base. Improper calling of such noise may 
result in the generation of undesirable false positive basecalls. 
In one aspect, false positive basecalls may comprise mixed 
basecalls that are in actuality pure (single) bases. Various 
embodiments of the present teachings desirably avoid or 
reduce the number of false positive basecalls by comparing 
information from sequence fragments and associated quality 
values. Another issue that may complicate mixed-base iden 
ti?cation is differential incorporation of dideoxy-nucleotides 
using enZymes such as sequencing polymerases. Differential 
incorporation may result in peaks Which are not of equal 
height in the electrophero gram. This problem may be further 
compounded by alleles that may be present in a sample in 
non-equivalent proportions (e.g. Ratios greater than or less 
than 50:50). For example, tWo different sequence variants of 
an allele may be present in a ratio of 10:90. In such instances, 
the expected peaks for the corresponding base of the sequence 
variants may not be resolved or identi?ed With a peak ratio of 
10:90 as a result of differential incorporation. Using quality 
value analysis in the manner described herein, the present 
teachings may desirably improve the ability to distinguish 
bases and overcome these potential problems Which often 
confound conventional systems resulting in improved base 
calling accuracy. 
[0039] In various embodiments, the system and methods 
described herein present a novel approach for determining the 
base sequence for a target polynucleotide based, in part, upon 
a consensus calling approach that utiliZes per-base quality 
values along With a dedicated base discrimination method. As 
Will be described in greater detail hereinbeloW, this approach 
may improve basecalling accuracy as compared to that of 
conventional algorithms and may be readily adapted for use 
With softWare analysis packages including SegScapeTM 
sequence analysis softWare (Applied Biosystems, CA) and 
hardWare sequencing instrumentation including ABI Prism® 
DNA AnalyZers (Applied Biosystems, CA). 
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[0040] One method for analyZing electropherograms iden 
ti?es bases of the sample fragments and the resultant 
assembled sample sequence While assigning quality values 
(QV) to each of the called bases. (See B. EWing, et al., “Base 
Calling Of Automated Sequencer Traces Using Phred. I. 
Accuracy Assessment”, Genome Research, vol. 8(3), pp. 
175-185 (1998); B. EWing and P. Green, “Base-Calling of 
Automated Sequencer Traces Using Phred. II. Error Prob 
abilities”, Genome Research, vol. 8(3), pp. 186-194 (1998)). 
In these basecalling procedures the quality value represents 
the measure of reliability for a given basecall and estimates 
the basecalling error. Generally represented, a probability 
value (P) may be de?ned as the probability that a particular 
basecall is incorrect With a quality value (QV) de?ned by the 
expression: 

QVI-lO logloP 

[0041] According to this expression, loWer quality values 
generally indicate a higher probability of basecall error and 
higher quality values indicate a greater degree of certainty for 
an accurate basecall. In various embodiments, the consensus 
calling methods described herein improve quality value 
assessment by evaluating per-base quality values for one or 
more sequence fragments With respect to one another and 
generating a consensus quality value Which, in one aspect, 
may be indicative of an overall or combined approximation of 
certainty for the basecalls associated With the sample 
sequence. It Will be appreciated that these methods may 
adapted for use With existing consensus-calling applications 
as Well as raW and processed sequencing information 
obtained from numerous sources. Additionally, details of 
these quality value assessment and error probability estima 
tion routines may be found in commonly assigned US. patent 
application Ser. No. 09/658,161 ?led Sep. 8, 2000 and 
entitled: A system and method for improving the accuracy of 
DNA sequencing and error probability estimation through 
application of a mathematical model to the analysis of elec 
trophero grams, Which is hereby incorporated by reference in 
its entirety. 
[0042] FIG. 4 illustrates an overvieW of an exemplary 
analysis schema 400 in Which the consensus-calling methods 
utiliZed by various embodiments of the present teachings are 
used to assemble a sample sequence. The consensus calling 
methods may operate With numerous forms of sample assem 
bly input 405 including those generated by various types of 
multiple sequence alignment (MSA) algorithms. For 
example, the sample assembly input 405 may comprise mul 
tiple sequence alignment data obtained from MSA algorithms 
Which align each sample sequence using a reference 
sequence. Additionally, sample assembly input 405 may 
comprise information that is generated by MSA algorithms 
that apply de novo assembly routines including, for example, 
Phrap, CAP, or other dynamic programming MSAs. The 
sample assembly input 405 obtained from these algorithms 
may further include: (a) raW data 410 comprising the electro 
pherogram and/or corresponding intensity values; (b) peak 
locations 420 indicative of the position of peaks identi?ed 
Within the electropherogram or corresponding data; (c) 
sample assembly information 430 including putative base 
sequence data (d) per-base quality values (QV) 440 deter 
mined using conventional methodologies including Trace 
TunerTM and Phred; (e) sample orientations 450 indicative of 
the relative direction the sequence (e.g. 5'-3' designations); 
and (f) clear range identi?ers 460 indicative of the usable 

Equation 1 
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range of basecalls for the sample sequence. As Will be 
described in greater detail hereinbeloW, the use of the clear 
range identi?ers 460 aid in the determination of various 
parameters including y Which may be used to quantify the 
degree of independence of sequence traces having substan 
tially the same orientation. 

[0043] It Will be appreciated that although the aforemen 
tioned exemplary input 405 is illustrated as being received by 
the consensus-calling methods, at least a portion of this infor 
mation may be optional or readily calculated by various inte 
grated functions prior to consensus analysis and therefore 
need not be available prior to consensus analysis. Addition 
ally, various operations may be utiliZed to convert the input 
data types and information (such as those produced by Trace 
TunerTM and Phred) into a form compatible With the consen 
sus-calling methods. 
[0044] As Will be described in greater detail hereinbeloW, 
once the desired input data 405 has been acquired and/or 
calculated, a series of consensus-calling operations 470 may 
be performed to produce output 475. This output may com 
prise information such as a consensus sequence 480 and a 
quality value assessment 490 for each base. In one aspect, the 
consensus sequence 480 represents the calculated sample 
sequence assembly Which may include a predicted base 
sequence as Well as gap information. 

[0045] FIG. 5A illustrates an overvieW of the consensus 
calling operations 470 used to evaluate sample assembly 
input data 405 and generate output 475 corresponding to the 
consensus sequence 480 and quality value information 490. 
In one aspect, the consensus-calling operations 470 may com 
mence With one or more pre-processing operations 505 that 
may be used to evaluate and calculate information Which 
serves as additional input to the subsequent consensus-calling 
steps. A ?rst pre-processing operation 505 comprises an 
assessment of the local mixed-base noise level 510 for each 
position in the sample sequence. In one aspect, the local 
mixed-base noise level 510 may be de?ned as an average of a 
plurality of nearby mixed-basecalls for each position. 
[0046] The mixed-base noise level 510 may be obtained 
using a sliding WindoW averaging approach. In one aspect, the 
WindoW siZe may be ?exibly de?ned to accommodate various 
experimental data types and compositions. In various 
embodiments the WindoW siZe ranges betWeen approximately 
5-20 base pairs in length. The local mixed-base noise level 
510 generally re?ects noise that may arise, for example, as a 
result of chemistry and/or instrumental noise Which may be 
present in the electropherogram at each position. Further 
more, the mixed-base noise level 510 may be used to ascertain 
the quality of input mixed-basecalls derived from the sample 
assembly information 430. Additionally, mixed-base noise 
level determination and may be used to supplement input 
per-base quality values 440 When evaluating the quality or 
con?dence of the sequence data. An exemplary embodiment 
of the mixed-base noise assessment operation is provided in 
FIG. 6A and is described in greater detail hereinbeloW. A 
second preprocessing operation 505 comprises a local quality 
value assessment 520. In various embodiments, local quality 
values may be de?ned as an average over the per-base quality 
values for each position in the sample sequence. In a manner 
similar to the assessment of local mixed-base noise levels 
510, assessment of local quality values may be performed 
using a sliding WindoW approach to determine local averages. 
When determining the local quality values, the average 
Weighting Within the WindoW may be differentially adjusted 
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based on user de?ned preferences. For example, in various 
embodiments the contribution of the quality values contained 
in the sliding WindoW may be adjusted toWards the center of 
the WindoW rather than using strictly balanced Weighting. 
Differential Weighting in this manner may be desirable and 
facilitate generation of re?ned local quality values having a 
greater degree of basecall con?dence. It Will be appreciated 
that the WindoW siZe used When assessing local quality values 
520 need not be of identical siZe relative to that used in the 
mixed-base noise level determination 510. For example, in 
various embodiments the WindoW siZe used for assessing 
local quality values may be smaller than the noise level Win 
doW ranging in siZe from approximately 5-10 base pairs in 
length. 
[0047] One desirable feature of the averaging method for 
local quality value assessment 520 is that the resultant quality 
values calculated by this method may provide a smoother 
estimate of local electropherogram quality for a given posi 
tion in a sample sequence. Rather than relying solely on 
quality value information directed toWards individual bases, 
the averaging approach desirably incorporates additional 
information that helps take into account the local quality of 
bases in the sequencing trace relative to one another. In one 
aspect, use of the averaged quality values in the aforemen 
tioned manner provides improved input for the consensus 
calling operations. Furthermore, quality value assessment 
based on averaged values may provide greater con?dence and 
accuracy When consensus basecalls are subsequently identi 
?ed. An exemplary embodiment of the local quality value 
assessment operation is provided in FIG. 7 and is described in 
greater detail hereinbeloW. The use of locally averaged qual 
ity values further aids in reducing potential biases introduced 
into the consensus-calling methods of the present teachings 
by nuances associated With the underlying basecalling qual 
ity-value methods. In various aspects, this feature is desirable 
as it provides a means to extend the usability of the base 
calling approach across many different data types and base 
calling methodologies. 
[0048] In various embodiments folloWing the preprocess 
ing operations 505 (if performed), a consensus call assign 
ment routine 530 is performed. The consensus call assign 
ment routine 530 incorporates a heuristic component Which 
provides a basecalling functionality that simulates an expert 
approach to assessment and assignment of proper consensus 
calls and sequence assembly. Unlike other machine learning 
or classi?cation procedures for consensus calling, the con 
sensus call assignment routine 530 does not necessarily 
require large annotated data sets for training. Furthermore, 
While conventional machine learning or classi?cation proce 
dures may not be transparent to the user, resulting in potential 
complications in data revieW or program development, the 
consensus call assignment routine 530 is substantially user 
transparent. 
[0049] A further bene?t of the consensus call assignment 
routine 530 results from the openness of the rule-based 
approach to consensus calling. As a result the methodology 
described herein is amenable to selective tuning using par 
ticular data sets and applications. Furthermore, development 
may be facilitated as the assignment routine 530 can be 
readily modi?ed to accommodate other types of data sets and 
sample input. For example, it is conceived that the methods 
described herein may be adapted for use in sequence analysis 
involving protein or peptide samples in additional to nucleic 
acid samples. 
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[0050] As Will be described in greater detail hereinbeloW, 
the consensus call assignment routine 530 comprises a plu 
rality of steps Wherein the input sample assembly information 
430 is evaluated to assign a consensus call and quality value 
for the information. In one aspect, the assignment routine 530 
commences With formatting the sample assembly informa 
tion 430 in a columnar manner 540 Wherein sequence frag 
ments that may correspond to overlapping regions of the 
sample sequence are aligned With respect to one another. 
Each column of sequence information and corresponding 
quality values are then evaluated and a consensus basecall and 
quality value are calculated for each base in the sample 
sequence in state 545. This procedure may be repeated as 
necessary for each base in the sample sequence. Thereafter, 
the results of the consensus-calling assignment routine are 
returned in state 548 Where they may be stored or output to the 
user. The methods of consensus calling and quality value 
assignment Will be discussed in greater detail hereinbeloW 
With reference to subsequent illustrations and ?gures. 
[0051] FIG. 5B illustrates an exemplary sample assembly 
for a portion of a sample sequence Wherein a plurality of 
sequence fragments 550 are aligned in a columnar manner 
With respect to one another. In various embodiments each 
sequence fragment 550 may be associated With a correspond 
ing electropherogram 555 and a base sequence 560 compris 
ing a plurality of basecalls. Additionally, a quality value 570 
may be associated With each base in the basecall sequence 
560. For ease of visualiZation, the quality value 570 may be 
represented in various Ways in addition to a strict numerical 
value. For example, as shoWn in the illustrated embodiment 
the numerical value associated With the quality value 570 may 
be translated into a bar graph indicative of the calculated 
result for each quality value 570. 
[0052] Taken together, the information obtained from the 
sequence fragments 550 may be used in generating the 
sample assembly for Which consensus basecalls may be made 
using the aligned data. In one aspect, the information corre 
sponding to a selected base of the sample sequence is pro 
cessed by identifying a column 575 of sequence fragment 
information. The information contained in each column is 
then evaluated using the consensus call assignment routine 
530 and a consensus basecall 580 is made. In addition to the 
consensus basecall 580, a consensus quality value 585 may be 
calculated and associated With the consensus basecall 580 
(shoWn as a bar in the illustration). 
[0053] The consensus based approach described above is 
further illustrated for the columnar sequence 575 Where the 
basecalls 590 for each aligned sequence fragment 550 corre 
spond to ‘A’ With varying degrees of certainty or con?dence 
represented by the associated quality value 595. Taken 
together these quality values 595 may be used to generate the 
consensus quality value 585 Which in some instances may be 
greater than the individual quality values 595 due to the 
increased number of comparisons being made. It Will be 
appreciated by one of skill in the art that using information 
including quality values from more than one sequence frag 
ment 550 may aid in increasing the overall con?dence in the 
resulting consensus. 

[0054] FIG. 5B further illustrates the presence of a mixed 
basecall in at least one sample fragment 550 in a second 
columnar sequence 592. During assembly of the one or more 
sequence fragments 550, mixed-basecalls 594, representing 
regions Where single bases are not identi?ed, in addition to 
pure-basecalls 596, represented by single identi?able bases, 
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may be present. As Will be described in greater detail herein 
beloW, and in various embodiments, mixed-basecalls 594 
may be resolved along With their associated quality values 
595 using the information from one or more sequence frag 
ments 550 to generate a consensus basecall 597 With 
improved accuracy and/ or con?dence. In one aspect, When a 
mixed-basecall is present in the corresponding aligned 
sequence fragments, consensus evaluation may be used to aid 
in the identi?cation of the composition of the mixed-base and 
distinguish pure-bases from noise. It Will be appreciated that 
the illustrated sequence assembly is but one of many possible 
permutations of assembly analysis. Additionally the number 
of sequence fragments used in the comparison is not neces 
sarily limited to the quantity illustrated and may include more 
or less than the quantity shoWn While achieving similar results 
in terms of resolving the composition of the sequence frag 
ments and generating the consensus sequence assembly. 

[0055] FIG. 6A illustrates one embodiment of a method 
510 for assessing local mixed-base noise levels according to 
the pre-processing operation 505 described above. This meth 
odology may be implemented using the previously described 
sliding WindoW averaging method and may be readily 
adapted to operate With automated sequence evaluation meth 
ods. In one aspect, the method 510 commences in state 610 
Where a data string or vector is constructed Whose length is set 
according to the length of a clear range sequence that is 
determined based on the sequence information to be ana 
lyZed. In one aspect the clear range sequence may be repre 
sented by at least a portion of the sequence information cor 
responding to the desired region Where base assembly Will 
take place. The length of the clear range sequence therefore 
may be assigned as an integer value Which corresponds 
approximately to the number of basecalls contained in the 
clear range sequence. 

[0056] FolloWing vector construction in state 610, the 
method 600 proceeds to assign a base Weighting value to each 
basecall in state 620 Which may be based upon the putative 
base composition. In one aspect, the Weighting value is used 
to transform each basecall in the clear range into a quanti? 
able value that may be averaged With other basecalls. Aver 
aging in this manner permits identi?ed basecalls to be differ 
entially Weighted according to their composition. For 
example, it may be desirable to differentially Weight pure 
bases as compared to mixed-bases and gaps so as to in?uence 
the calculated quality value determined during sequence 
assembly. In various embodiments, the base Weighting value 
may be assigned according to a user-de?ned rule set Where 
identi?ed mixed-bases (including, for example, R, Y, K, M, S, 
W) may be assigned a value of ‘ l ’. In a similar manner other 
mixed-bases (including, for example, H, B, V, D, and N) may 
be assigned a value of ‘2’. The remaining bases G, A, T, C may 
be assigned a value of ‘0’. 

[0057] FolloWing base value assignment in state 620 the 
method 510 proceeds to state 630 Where an averaging of the 
basecall values in the clear range may be performed. In one 
aspect, a sliding WindoW averaging approach is utiliZed to 
determine the mixed-base noise level 51 0 comprising an aver 
age of the Weighted values for basecalls Within the sliding 
WindoW. This averaging operation may be performed for each 
basecall Within the clear range to generate per-base noise 
values that may be used in later consensus call assignment 
routines.Application of mixed-base noise levels in consensus 
call assignment Will subsequently be described in greater 
detail. 
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[0058] FIG. 6B further illustrates the mixed-base noise 
level assessment for tWo exemplary bases 652, 654 in a 
sample base sequence 651. In one aspect, the base sequence 
may be represented by a vector construction having the exem 
plary basecall sequence ‘RGYATKTHCBGGVARGYATK 
THCBGGVA’. Following the rules for basecall Weighting 
value assignment a neW vector may be generated Which com 
prises the numeric sequence 
‘1010010202002010100102020020’ Wherein each value is 
associated With a base in the vector construction. As illus 
trated for the ?rst base 652, the sliding WindoW averaging 
operation generates a Weighted average from the basecall 
Weighting values of approximately ‘0.54’. Similarly, the sec 
ond base 654 is associated With a Weighted average of 
approximately ‘0.69’. Mixed-base noise levels are deter 
mined for other basecalls in the clear range region in a sub 
stantially similar manner to thereby generate a plurality of 
individual Weighted averages. In one aspect, the siZe of the 
sliding WindoW is betWeen approximately 4-20 bases 
although other sliding WindoW siZes may readily be used to 
assess the mixed-base noise level. 

[0059] FIG. 7 illustrates further details of the local quality 
value determination methodology 520. In various embodi 
ments, local quality values are calculated in a manner similar 
to that used in the mixed-base noise level identi?cation rou 
tine 510 Wherein a sliding WindoW average is obtained for a 
selected data set. In one aspect, the method 520 commences in 
a state 710 With the construction of a data string or vector 
having a length approximately equivalent to the identi?ed 
clear range sequence. In state 720, quality values are associ 
ated With each of the basecalls in the clear range sequence. 
These quality values may be calculated using the sample 
assembly input 405 or previously calculated input per-base 
quality values 440 may be utiliZed. In state 730, a sliding 
WindoW local average of the per-base quality values is 
obtained for each basecall in the clear range sequence. As 
previously described, it may be desirable to apply a differen 
tial Weighted average When determining the local quality 
value for each basecall by Weighting the quality values of 
those bases closer to the center of the sliding WindoW more 
heavily. As With the WindoW used in the local mixed-base 
noise level determination 510, the WindoW used in the local 
quality value determination methodology 520 may be varied 
in siZe and need not be identical to that used in the noise level 
determination 510. In one aspect, determination of local qual 
ity values 520 in the aforementioned manner desirably 
smoothens the electropherogram data for a given position in 
a sample sequence. Such smoothening of the data may con 
tribute to improved basecalling accuracy When using the sys 
tem and methods described herein. 

[0060] FIG. 8A illustrates one embodiment of a consensus 
calling method 800 that may be used for assembly of the 
consensus sequence. As previously described, the method 
800 may utiliZe sample assembly input 405 and/or informa 
tion produced in the preprocessing operations 505 to generate 
basecalls that identify the sequence composition using 
sequence and quality value information obtained for one or 
more corresponding bases for each location in the sample 
sequence. Proceeding in a columnar manner, corresponding 
basecalls for a plurality of sequence fragments 550 may be 
associated and the information assessed to generate a consen 
sus basecall. The consensus basecall is representative of the 
combined information Which may be used to improve the 
accuracy and degree of con?dence for identi?cation of the 
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composition of the ?nal sample sequence. In various embodi 
ments the consensus-calling method 800 desirably incorpo 
rates a rule-based approach that may be readily modi?ed to 
alloW further development and selective tuning thereby 
improving the ?exibility and potential accuracy With Which 
basecalls may be made. 

[0061] Commencing in state 805, sample input is collected 
Which may include the aforementioned sample assembly 
input 405, as Well, as any data and information generated 
during the preprocessing operations 505. The sequence infor 
mation is thereafter aligned so as to permit columnar analysis 
for each basecall position in the sample sequence. In state 
807, the basecall information contained in an identi?ed col 
umn of sequence information is evaluated for gaps. Sequence 
gaps occur Where a particular base (or mixed-base) cannot be 
identi?ed With a desired or selected degree of con?dence or 
certainty. Gaps may arise from various sources of sequencing 
error including mobility shifts and basecalling in areas With 
poorly resolved peaks. In one aspect, a gap may be represen 
tative of a position Within a particular sequence fragment 305 
Where the base for a particular position is not readily identi 
?able. 

[0062] In one aspect, the consensus-calling method 800 
processes gaps by evaluating the basecall information for 
other sequence fragments 305 Within the identi?ed column. 
For each gap, a quality value may be assigned to the gap 
region in state 812. In one aspect, assigning quality values to 
identi?ed gaps aids in evaluating the gap call con?dence 
using other sequence fragments in consensus comparison of 
the columnar information. The quality value for the gap may 
further be assigned by determining the average of adjacent 
bases that may substantially ?ank the gap; to thereby yield a 
value representative numeric of the con?dence level for the 
gap 

[0063] Evaluating the identi?ed basecalls in the corre 
sponding consensus column, the number of gaps in the col 
umn is then identi?ed in state 809. If the gap number exceeds 

a pre-selected gap threshold (determined in state 810) then a 
gap may be called in state 815. The gap threshold may be 
de?ned as the ratio of gaps to non-gap (identi?able) bases 
Within the column and may be represented by a numeric, 
fractional, or percentile value. In one aspect, the gap thresh 
old may be selected to be betWeen approximately 50%-75% 
Wherein if the number of gaps to non-gap calls in the column 
exceeds the selected gap threshold, a gap is called in the 
assembled sample sequence. 
[0064] If the gap threshold is not exceeded in state 810 the 
method 800 proceeds to state 820 Where a base agreement 
determination is made. In one aspect, the base agreement 
determination comprises evaluating each of the basecalls for 
a selected column. In one aspect, if all of the basecalls in the 
column agree With one another then the basecall may be 
identi?ed as the consensus call for the column in state 825. 
For example, if each of the basecalls for the column corre 
sponds to the base ‘G’ then the consensus call for the sample 
sequence Will be assigned as the base ‘G’. 

[0065] As previously described, a quality value may desir 
ably be associated With each basecall. The quality value may 
further re?ect a calculated degree of con?dence With Which 
the basecall is made and, therefore, may serve as an indicator 
of sample sequence accuracy. 
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[0066] In various embodiments, the quality value for a con 
sensus call wherein all of the bases are in agreement as 

described above may further be identi?ed by the following 
equations: 

Equation 2 

Equation 3 

[0067] In these equations N represents the number of over 
lapping sequence fragments for a particular column in the 
consensus, Where both sums are calculated over the sample 

number. Qcons further represents the quality value assigned to 
the consensus call and Q represents the quality value for 
sample. In these equations, ey- represents a Weight derived 
from the degree of independence for each of the quality-value 
estimates. In one aspect, the value eg- may be used to avoid 
over Weighting of redundant calls. Redundant calls may arise; 
for example, in instances Where a plurality of sequencing 
traces undergoing analysis contain regions of substantially 
elevated degrees of similarity. 

[0068] Furthermore, ylj is a derived parameter de?ned 
according to Equation 4 beloW Which generally ranges from 
approximately 0 to 1. This value may further be used to 
express the degree to Which information from samples i and j 
are independent. In one aspect, for tWo sequence fragments 
aligned in opposite orientations (e.g. 5'-3': 3'-5'), this param 
eter may be set to a value of ‘1’ Whereas for sequence frag 
ments oriented in substantially the same direction, this 
parameter may be set to a value of ‘0’. In one aspect, use of 

this parameter aids in representing the notion that the quality 
of calls obtained from samples sequenced in the forWard and 
reverse orientations may be uncorrelated. 

[0069] For tWo overlapping samples sequenced in the same 
orientation the folloWing relationship may further be identi 
?ed: 

Al] Equation 4 
7;] = A 

max 

[0070] Here, Ay- represents the absolute difference in base 
calls betWeen the position of the basecall in sample i and the 
position of the basecall in sample j. Additionally, Ama,C is a 
parameter that may be used to select hoW far apart the position 
in tWo samples should be before the quality of the tWo calls 
may be considered to be statistically independent. In one 
aspect, the value for Am,C may range from approximately 50 
bp.-200 bp. The parameter y,- may further be set With a value 
of ‘1’ if AU>A 
[0071] It is observed that quality value assignment accord 
ing to the relationships described by Equations 2 and 3 pro 
vides several desirable properties. In one aspect, When the 
quality values for each basecall Within a particular column are 
substantially independent, it may be determined that YZ-J-Il and 
as a result, 
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In this instance, the folloWing relationship may be used to 
represent the consensus quality value: 

[0072] In this equation pcons re?ects the probability that the 
consensus call is an error and using this information, the 
consensus quality value may be determined from the loga 
rithmic relationship. In one aspect, the equation has been 
found to apply When the sequence fragment quality values are 
statistically uncorrelated and, therefore, may be useful to 
determine When calculating the consensus quality value. 
[0073] While this equation may be used in certain circum 
stances, a potential dif?culty may be encountered When 
applying this relationship to evaluate quality values for 
redundant sequence information present in a selected column 
of consensus information. In such an instance, the quality of 
the consensus call for redundant sequence information may 
be overestimated Without further analysis. For example, When 
substantially similar electropherogram information corre 
sponding to redundant sequence fragments generated by 
similar PCR and sequencing primers are included in the same 
column assembly, there may be a tendency to overestimate 
the quality value When calculating it according to the afore 
mentioned relationships. Typically, basecalls arising from 
redundant sequence fragments are highly correlated Where a 
mistake or inaccuracy that has been made in the basecalls for 
one sample may also be made in the basecalls for a second 
sample. Therefore, the resultant quality values, if summed, 
may result in an overestimation of the true quality of the call. 
The present teachings overcome this tendency toWards over 
estimation by applying an alternative relationship When deal 
ing With highly correlated (e.g., redundant) basecalls. 
[0074] In one aspect, using the relationship described in 
Equation 3, substitution of YZ-J-IO into this equation generates a 
reduced expression 

Equation 5 

Substitution of this expression into Equation 2 therefore 
re?ects an average of the quality for the sequence fragments 
Without undesirable overestimation. Therefore, use of the 
independence parameter, ylj provides a means to generate a 
superior estimate for redundant samples using the relation 
ships shoWn in Equations 2 and 3 as compared to that pro 
vided by Equation 4. 
[0075] In another aspect, the consensus sequence method 
avoids false negative basecalling in state 825 by screening for 
the presence of potential mixed-bases that may not have been 
previously detected or identi?ed in the sample sequence 
input. False negatives correspond to true mixed-basecalls that 
may have been identi?ed as pure-bases. False negatives may 
further generate undesirably high quality values if directly 
calculated using the relationships shoWn in Equation 2 and 3. 
The screening process therefore desirably helps to avoid qual 
ity value assignment that may inaccurately re?ect the basecall 
con?dence. When possible mixed-bases are found by the 
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screening process, the same pure-basecall may still be called, 
however, the quality value associated With the call is adjusted 
accordingly in state 875 to re?ect a loWer quality or con? 
dence level. In one aspect, adjustment of the quality value for 
a possible mixed-base depends on the result of the relation 
ship shoWn in Equation 5 Which Will be described in greater 
detail hereinbeloW. 
[0076] For basecalls that are determined not to be in agree 
ment in state 820, the method 800 proceeds to state 830 Where 
a more rigorous evaluation of mixed-bases is performed. In 
one aspect, it is desirable to perform a rigorous evaluation of 
mixed-bases in this state 810 in order reduce the number of 
false positives that might otherWise be called at the single 
strand level and Which might persist during consensus call 
ing. In one aspect, an increased number of false positives 
persisting in the assembly are undesirable as they may be 
carried over to the consensus sequence. Therefore, rigorous 
evaluation of mixed-bases in state 830 is desirable to over 
come some of the conventional di?iculties encountered When 
assigning mixed-basecalls. 
[0077] In many conventional approaches, mixed-basecalls 
may be resolved by estimating the quality of the mixed 
basecall versus a pure-basecall at the same location or column 
and thereafter selecting the higher quality call. While this 
approach may produce the correct basecall at the single 
strand level (eg for single sequence fragments), there is a 
likelihood of missing di?icult or elusive mixed-bases using 
this approach. In one aspect, conventional analysis methods 
may improperly call mixed-bases When a single pure-base 
component predominates over other bases in the electro 
pherogram. In various embodiments, the present teachings 
overcome this dif?culty due, in part, to the availability of the 
plurality of basecalls for each column. Using the multiplicity 
of basecalling information, the rigorous evaluation used to 
identify mixed-bases may produce superior results as com 
pared to conventional methods. 
[0078] According to state 830, a threshold parameter may 
be designated betWeen approximately 5-30%. In one aspect, 
this parameter is selected to aid in the identi?cation of smaller 
mixed-base peaks While potentially avoiding larger peaks that 
may be associated With false positive calls. Previously iden 
ti?ed mixed-bases may then be recalled and evaluated using 
the more rigorous approach. In various embodiments, the 
approach may comprise evaluating the recalled mixed-bases 
to determine a modi?ed quality value according to the fol 
loWing relationship: 

'30 — ,3 Equation 5 
6 + A 1 _ ‘B 

[0079] This equation comprises a scaling factor for Which 
previously identi?ed quality values may be multiplied by to 
generate the modi?ed quality value. In various embodiments, 
this relationship helps to avoid undesirably high quality value 
assignment for missed mixed-bases (e.g. false negatives). In 
one aspect, application of the scaling factor desirably reduces 
the quality values for pure-bases in the column When a mixed 
base has been called. 
[0080] In this equation, 6 and 7» represent empirically deter 
mined parameters, [30 represents the threshold that the mixed 
base Was identi?ed at, and [3 re?ects a selected minimum 
threshold for identifying mixed-bases according to the 
method 800. Exemplary ranges for each of these parameters 
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correspond approximately to 6:0.1-05, 7t:0.2-0.9, and [3:0. 
01-030. In one aspect, the threshold may be expressed as a 
percentage of a primary peak height found in the electro 
pherogram. In another aspect, scaling by the factor obtained 
from Equation 5 desirably reduces the quality value of 
recalled mixed-bases With smaller secondary peaks, While 
alloWing a relatively high quality value for recalled mixed 
bases With higher secondary peaks. 
[0081] After the mixed-bases are recalled using the more 
rigorous approach, the basecalls are checked for agreement in 
state 835. If the basecalls are determined to agree then the 
consensus basecall may be assigned as the agreeing basecall 
in state 840 and the quality value may be determined accord 
ing to Equations 2 and 3 described above. 
[0082] In those instances Where the basecalls compared in 
state 835 are determined not to agree, the method proceeds 
through a series of additional operations shoWn in FIG. 8B. In 
one aspect, consensus base assignment is made for non 
agreeing basecalls using a voting approach that may be used 
to resolve the con?icting basecalls. According to state 850, a 
basecall vote is generated Which may be used to ascertain the 
predicted correct call. In various embodiments, the basecall 
vote may comprise evaluating the con?icting call (xi using the 
summation illustrated beloW: 

Sui : Z of Equation 6 

[0083] In this equation, the summation of basecalls is taken 
over an identi?ed sample set comprising one or more base 
calls to generate a value associated With the con?icting call 
(xi. Additionally, the individual sample vote cj may be de?ned 
according to the folloWing relationships depending upon the 
nature of the basecall. For example, When the basecall is 
associated With a pure-base, the individual sample vote may 
be determined according to the folloWing equation: 

[0084] In this equation, 6 is a scaling parameter that may be 
used to increase the vote Weight for pure-bases. In one aspect, 
the value of 6 may be betWeen approximately 1.50-2.00. In 
one aspect, this equation may be applied to offset the statis 
tical limitation that a quality value assigned by conventional 
basecalling applications may be excessively high for mixed 
basecalls compared to similar quality values for pure-base 
calls. Additionally, application of this equation may desirably 
aid to reduce the false-positive rate of the consensus-calling 
methodology thereby alloWing a loWer mixed-base threshold 
to be used for the single-strand basecalling. Application of 
this relationship may further be used to moderate the number 
of false negatives by adjusting the quality values for each 
basecall to better balance mixed-basecall and pure-basecall 
quality values 
[0085] In another aspect, the individual sample vote cj may 
be de?ned according to another relationship When the base 
call comprises a mixed-base 

Equation 7 

[0086] In this equation, K is a scaling factor Which may be 
used to decrease the vote Weight for mixed-basecalls. In one 
aspect, this equation may be additionally used to reduce the 
mixed-base vote in the presence of local mixed-base noise 
(previously de?ned above). For example, by de?ning X as the 

Equation 8 












