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60/691,768 filed on 06/16/2005. TECHNICAL FIELD 15 The
invention is generally related to resequencing
microarray design.  BACKGROUND ART As the prevalence
of DNA based detection methods increases, it becomes
more  important to have in silico methods to design,
test, and improve the analysis of assays. In 20
particular, highly multiplexed pathogen detection is a
growing requirement and is potentially  more efficient
than multiple separate tests in costs, required sample
volumes, reagents, and assay  time. However, the
initial development, design, and validation can become
logarithmically  complex, costly, and time consuming.
Accurate simulation models using newly available
genetic  sequence information for microorganisms can
potentially minimize costs and time of developing  25
these highly multiplexed assays. The design criteria
for all nucleic acid-based assays have similar global
constraints.  After the target organisms are chosen,
methods must be employed to choose probes that will
very  specifically recognize only the target organism
species and yet account for all of the genetic
variations (i.e. strains or subtypes) within that
species. In silico design methods have been 30
developed for PCR and spotted oligonucleotide
microarrays (Cleland et al. (2004) Development  of
rationally designed nucleic acid signatures for
microbial pathogens. Expert Rev Mol Diagn, 4.
303-315; Gardner et al. (2005) Draft versus finished
sequence data for DNA and protein  diagnostic
signature development. Nucleic Acids Res, 33,
5838-5850; Rychlik et al. (1989) A  computer program
for choosing optimal oligonucleotides for filter
hybridization, sequencing and 35 in vitro
amplification of DNA. Nucleic Acids Res, 17,
8543-8551; Fitch et al. (2002) Rapid  1 WO 2008/024827
PCT/US2007/076499  



development of nucleic acid diagnostics. Proceedings
of the IEEE, 90, 1708-1721) assays and
oligonucleotide microarrays (Herold et al. (2003)
Oligo Design: a computer program for  development of
probes for oligonucleotide microarrays. Biotechniques,
35, 1216-1221;  Mehlmann et al. (2006) Robust sequence
selection method used to develop the FluChip 5
diagnostic microarray for influenza virus. J Clin
Microbiol, 44, 2857-2862), with the models for  each
having similar requirements. Because the potential
pool of probes, targets, and interference  fragments
is so large, models that result in maximal target
specificity with minimal computation  are preferred.
In typical PCR primer or oligonucleotide microarray
design algorithms, the number of base matches is
counted between a probe and a target or background
organism 10 sequence. If a threshold number of matches
is exceeded then hybridization is assumed (Herold et
al. (2003) Oligo Design: a computer program for
development of probes for oligonucleotide
microarrays. Biotechniques, 35, 1216-1221; Mehlmann et
al. (2006) Robust sequence selection  method used to
develop the FluChip diagnostic microarray for
influenza virus. J Clin Microbiol,  44, 2857-2862.).
This level of modeling is incomplete because the
ultimate detection of the 15 probe-target
hybridization depends on a single signal intensity
(usually fluorescence), which may  not correlate with
that predicted. This results in uncertainty about how
effective the selected  probes will be until
experimental work is performed to validate the
selections and establish  intensity cutoffs for
hybridization events. More detailed thermodynamic
modeling and calculations have been used to better  20
understand match-mismatch and single match microarrays
and allow predictions of intensity  (Matveeva et al.
(2003) Thermodynamic calculations and statistical
correlations for oligo-probes  design. Nucleic Acids
Res, 31, 4211-4217; Held et al. (2003) Modeling of DNA
microarray data  by using physical properties of
hybridization. Proc Natl Acad Sci U S A, 100,
7575-7580; Naef et  al. (2003) Solving the riddle of
the bright mismatches: Labeling and effective binding
in 25 oligonucleotide arrays. Physical Review E, 68,
011906; Zhang et al. (2003) A model of molecular
interactions on short oligonucleotide rnicroarrays.
Nat Biotechnol, 21, 818-821; Wu et al. (2005)
Sequence dependence of cross-hybridization on short
oligo microarrays. Nucleic Acids Res, 33,  e84). The
modeling approaches account for several important
issues such as probe attachment to  the surface, and
the effect of dimer formation of the fragments or loop
formation depending on 30 the base content of the
fragments. Accounting for these issues when only one
or two probes  might hybridize with a target is
relatively straightforward. However this increased
detail in the  model comes at a price in that the
computational requirements also increase. In contrast
to simple oligonucleotide microarrays, recent work
using resequencing  microarrays demonstrated that they
are a viable alternative to test for multiple
pathogens, 2 



WO 2008/024827 PCT/US2007/076499  including
co-infections, and perform detailed discrimination of
closely related pathogens and/or  track pathogen
mutation (Wang et al. (2006) Identifying Influenza
Viruses with Resequencing  Microarrays. Emerg Infect
Dis, 12, 638-646; Lin et al. (2006) Broad-spectrum
respiratory tract  pathogen identification using
resequencing DNA microarrays. Genome Res, 16,
527-535). 5 Because sets of 4 (or 8 if anti-sense is
also included) short probes, where each set represents
a  portion of desired sequence and all the variations
of the center nucleotide position, the absolute
intensity of signal from a single probe becomes less
important than the differential  binding/intensity
across the complete probe set. This information,
confirmed in both the sense  and antisense directions,
is used only to determine that a particular base is
present with high 10 confidence. This use of
overlapping probe sets is required to directly
determine a target  organism's nucleotide sequence,
not inferentially based on single fluorescent signal
intensities of  presumably specific probes (Malanoski
et al. (2006) Automated identification of multiple
micro- organisms from resequencing DNA microarrays.
Nucleic Acids Res, 34, 5300-5311). A resequencing
microarray's effectiveness for broad spectrum
detection of various 15 levels of organism
discrimination may be dependent on the process used to
select the reference or  target sequences placed on
the microarray. Tradeoffs in amount of space dedicated
to an  organism versus the level of discrimination
possible must be balanced for every organism
considered. In addition, when specific or
semi-specific primers are used for organism
enrichment the selection of these primers can affect
the possible reference sequence selections. 20 The
overall design process can be characterized as a
series of steps. First, selection of  organisms and
desired level of discrimination for each organism and
whether specific nucleic  acid markers must be tested
for. Second, determination from known sequence data of
sequence  regions to choose reference sequences from.
Third, selection of reference sequences and check  for
possible conflicts. Fourth, primer selection. Fifth,
refinements of sequence selections. The 25 order of
several of these steps can be interchanged and
refinements consist of repeating several of  these
steps after making changes. The first step is always
the selection of organisms and the  desired
discrimination levels of each organism which represent
constraints on the design. The  size of the microarray
to be used specifies the other constraint placed on
the design problem. It  maybe that no solution is
possible without altering one or more of the
constraints. But all 30 subsequent steps are aimed at
meeting these requirements.  DISCLOSURE OF THE
INVENTION The invention comprises a
computer-implemented method comprising: providing a
list  of target sequences associated with one or more
organisms in a list of organisms; providing a list  3 



WO 2008/024827 PCT/US2007/076499  of candidate
prototype sequences suspected of hybridizing to one or
more of the target sequences; generating a collection
of probes corresponding to each candidate prototype
sequence,  each collection of probes comprising a set
of probes for every subsequence having a
predetermined, fixed subsequence length of the
corresponding candidate prototype sequence, the 5 set
consisting of the corresponding subsequence and every
variation of the corresponding  subsequence formed by
varying a center nucleotide of the corresponding
subsequence;  generating a set of fragments
corresponding to each target sequence, each set of
fragments  comprising every fragment having a
predetermined, fixed fragment length of the
corresponding  target sequence; calculating the
binding free energy of each fragment with a perfect 10
complimentary sequence of the fragment, and if any
binding free energy is above a  predetermined, fixed
threshold, the fragment is extended one nucleotide at
a time until the  binding free energy is below the
threshold or the fragment is the same length as the
probe,  generating a set of extended fragments; and
determining which extended fragments are perfect
matches to any of the probes; and assembling a base
call sequence corresponding to each 15 candidate
prototype sequence comprising: a base call
corresponding to the center nucleotide of  each probe
of the corresponding prototype sequence that is a
perfect match to any extended  fragment, but for which
the other members of the set of probes containing the
perfect match  probe are not perfect matches to any
extended fragment; and a non-base call in all other
circumstances. 20 BRIEF DESCRIPTION OF THE DRAWINGS A
more complete appreciation of the invention will be
readily obtained by reference to  the following
Description of the Example Embodiments and the
accompanying drawings. Fig. 1 shows example results of
the model using different values of m from 23 to 13. A
25 prototype sequence (used to make probe sets) and a
sample sequence are shown with an asterisk  above the
bases that match in both sequences. Also shown are the
reassembled model base call  results for each probe
set for different values of m. Region A has 20
contiguous bases so for 171  greater than 20 no probe
sets in this region have matches. The longer region B
has probe sets  that make base calls at in = 23. For
each region, an increase of one or two in in results
in one or 30 two base calls at each edge to cease
making base calls. These base calls depend on
fragments  that have more matches on one half of the
probe than the other. Region C has two contiguous
regions of 9 and 12 bases with a SNP in between. One
probe of the SNP set has 22 bases that  match in the
sample but no other probe in any probe set in the
region has more than 12 matching  and so all are N
calls at all values on N. 



4 WO 2008/024827 PCT/US2007/076499 Fig. 2 shows the
frequency of resolved base calls from primers as a
function of position  within the primer. - All, GC
content: A - less than 50%,  -more than 50%. Fig. 3
shows the frequency of resolved base calls from
primers as a function of position  within the primer.
AG (open symbols indicate bin with fewer than 12000
data points): *>-l 3, 5 -13>^ o>-16, -16>#>-19, -19> A
A>-22, -22>V V>-25, -25>o o Fig. 4 shows the prototype
sequence of FluBHA and results for an influenza B
Victoria  lineage sample from conventional sequencing,
from RPMv.1 microarray, and from model  prediction.
Region A represents a section sequence where SNPs are
very far apart or close  together and the model and
microarray data agree well. Region B sequences have
SNPs with an 10 intermediate frequency and the
agreement between model and experiment decreases. This
behavior observed as the percent difference between
sample and prototype sequence rises above  4%. Region
C is similar although the number of observed base
calls observed is much higher  and these cases were
only observed at 10%. Fig. 5 shows a hypothetical
nominal target, list of targets, and list of prototype
15 sequences. Fig. 6 shows a hypothetical collection
of probes. Fig. 7 shows hypothetical lists of
fragments and extended fragments. Fig. 8 shows the
perfect matches between the probes and the extended
fragments.  Fig. 9 shows hypothetical base call
sequences. 20 Fig. 10 shows the matching organisms for
each candidate prototype and formation of  the list of
final targets. MODES FOR CARRYING OUT THE INVENTION In
the following description, for purposes of explanation
and not limitation, specific  25 details are set forth
in order to provide a thorough understanding of the
present invention.  However, it will be apparent to
one skilled in the art that the present invention may
be practiced  in other embodiments that depart from
these specific details. In other instances, detailed
descriptions of well-known methods and devices are
omitted so as to not obscure the description  of the
present invention with unnecessary detail. 30 The
prevalence of DNA based detection methods,
particularly for multiple pathogen  detection, is
evident from the volume of recently published
literature. Thus, it becomes  important to have in
silico methods to assist in the design, initial test,
and improvement of these  methods as their development
becomes more complex, costly, and time consuming.
Recent work  using resequencing microarrays
demonstrates that they are a viable alternative to
test for multiple 



5 WO 2008/024827 PCT/US2007/076499  pathogens,
including co-infections, as well as performing
detailed discrimination of closely  related pathogens
and/or track pathogens' genetic variations. However,
the qualities of  resequencing arrays require that
different criteria are needed for modeling their
performance at  the individual probe level. In
addition, optimizing the design of these assays with
potentially 5 hundreds of prototype targets exceeds
what is possible by current methods. To address these
issues, a computationally efficient model for
predicting base calling for resequencing microarrays
was successfully developed that begin with a simple
assumption to predict hybridization and then  only
added complexity as needed. A large set of data for
organism and short oligonucleotide  hybridization and
base calling with Affymetrix CustomSeq microarrays
allowed testing and 10 validation of the model.
Disclosed is a model applicable to resequencing
microarrays that predicts the base calls  that will
occur for a sample sequence on a specified prototype
sequence of the microarray. A  "prototype" sequence is
the designation for the genomic sequence used to
generate the probe sets  placed on the resequencing
array allowing at least partial hybridization of a
selected range of 15 pathogen target sequences.
Although rules similar to those used in designing for
other arrays are  the starting point to allow rapid
calculations, more detailed thermodynamic information
is  incorporated. The model development is facilitated
by testing against a large set of data for  organisms
and short oligonucleotide hybridizations and base
calling on Affymetrix resequencing  microarrays. The
model is successful at predicting base calls from
hybridization of a large 20 variety of target organism
sequences. It can further be used to predict how well
prototype  sequences represented on the microarray
will perform against a diverse set of pathogen
targets.  This will assist in simplifying the design
of resequencing microarrays and reduce the time and
costs required for their development for specific
applications. Model Concept - Experimentally, a probe
set will only indicate that a specific base is  25
present if a fragment binds better to one probe of the
set. To model this behavior, the central  assumption
made is that when a probe and a sample sequence have
in contiguous bases that  complement, an observable
hybridization signal occurs. This is the roughest
approximation to  represent the difference in binding
strengths of different sequences to a probe and
represents the  simplest model. The remainder of the
modeling consists of generating probes from the
prototype 30 sequence and potential binding fragments
from the sample, and then comparing the sets with
each other using the central assumption. The first
step is to generate the probe sets and sample
fragments. A sequence selected  to be the prototype
sequence is divided into overlapping sets of 4 probes,
where the probes of a  



set are each, for example, 25 bases long and differ at
the central base (i.e. for a sequence of L 6 WO
2008/024827 PCT/US2007/076499  bases, L-24 probe sets
are produced). This represents what may actually be
located on a  microarray. For a sample sequence, all
unique fragments that are in bases long are generated
(i.e.  for a sequence of K bases, at most K-m+ 1
unique fragments can be produced). Fragments in an
experiment may be longer than this (average of 100
bases). The model only requires that the 5 minimum
requirement of in bases be present in a fragment. Now
that the microarray probes and sample fragments have
been generated, each probe  of every probe set is
tested against all the fragments from the sample
sequence to determine if a  perfect complement match
occurs. Probes having a match are noted. The ability
of a probe set to  produce a base call is evaluated by
considering the results of its probes. If only one
probe of the 10 set has a match in the sample
sequence, that is the base call assigned for the probe
set and the  next probe set is examined. N,
representing an ambiguous base identity, is assigned
when none  of the sample fragments are a match to any
member of the probe set. In the case that more than
one probes of a set has a match, longer fragments are
generated from the sample sequence and  then compared.
The neighboring bases of each fragment in the 5'-3'
direction from the sample 15 sequence are added to one
at a time until a mismatch occurs with the appropriate
probe. If one of  these fragments is now longer than
the others, then that base is assigned, otherwise N is
assigned.  After all probe sets are tested, the base
calls (A, C, T, G, or N) from each probe set are
reassembled into a sequence. Fig. 1 shows example
results of the model using different values of  in
from 23 to 13 (lengths less than 13 were not used as
they can bind nonspecifically, though it is  20
possible to use them) and points out some base calls
made under various conditions. Although experimental
results clearly indicate it is not necessary for a
fragment to complement all 25 or  even 21 bases of a
probe to produce a specific base call. Without further
experimental input, it is  difficult to determine what
length for in is most appropriate. Short Oligomers - A
large amount of data on the hybridization of short 25
oligonucleotides was available from Respiratory
Pathogen Microarray v.1 (RPMv. 1) (Lin et al.  (2006)
Broad-spectrum respiratory tract pathogen
identification using resequencing DNA  microarrays.
Genome Res, 16, 527-535) experiments using a multiplex
of specific primers for  sample amplification. Since
unused primers were not removed from the sample before
hybridization and most of these primers were within
the prototype sequences, it is possible to 30 study
the binding of a large number of short oligomers 16 to
27 bases in length to resequencing  microarrays. The
data sets are for two multiplex mixtures, one contains
117 primers (777  experiments) and the other (906
experiments) consists of 66 primers that are a subset
of the 117- 



primer mixture. There are multiple probe sets
available from the prototype sequence that will
hybridize with the same primer but have a different
number of bases that exactly match available 7 WO
2008/024827 PCT/US2007/076499  for hybridizing (from
13 bases to the length of the primer or the length of
the probe, 25 bases).  For example, the base at either
end of the primer oligorner has a probe set that may
determine the  identity of the base but only based on
hybridization of 13 bases. The primers of any
prototype  sequence that showed better than 50 percent
hybridization for its entire sequence were not 5
included in the analysis as they represent
hybridization of unused primer and primer incorporated
into amplicons of the target. From the collection of
primer oligomers available there were -3 x  105 data
points for each length from 13 to 21, -2 x 105 for 22,
-1.5 x 105 for 23 and -7.5 x 10 for  each length of 24
and 25. Base calling was performed by GDAS program
settings used in  previous work (Lin et al. (2006)
Broad-spectrum respiratory tract pathogen
identification using 10 resequencing DNA microarrays.
Genome Res, 16, 527-535). Fig. 2 shows the frequency
of an unambiguous base call versus the amount of
primer  that can hybridize to a probe for all primers
and two groups of primers based on their GC  content.
The first position has a frequency of 33% which
indicates that 1 time in 3 a DNA  fragment that only
matches 13 of the 25 bases in a probe is able to bind
specifically and strongly 15 enough to generate a
unique base call. As the length of bases available to
hybridize increases, an  increasing frequency of base
calling is observed and reaches 50% or more by a
length of 16. To  further understand the binding
frequency, the results of the multiplex primers
hybridization were  divided into two groups based on
their GC content. The averages for primers are shown
grouped  with GC contents less than 50% and greater
than or equal to 50%. This division places roughly 20
twice the number of samples in the lower bracket than
are in the upper bracket for lengths up to  22. The
difference in frequency of base calling is largest
going from 13 to 14. The rates and  trend from 23 to
25 for GC content greater than 50% has greater
uncertainty, as there are  significantly fewer probe
samples in these brackets. To understand the influence
of primer composition better, Fig. 3 shows the primers
of  25 each length in separate groups based on the AG
calculated by the nn model (SantaLucia (1998) A
unified view of polymer, dumbbell, and oligonucleotide
DNA nearest-neighbor thermodynamics.  Proc. Natl.
Acad. Sci. USA, 95, 1460-1465; SantaLucia et al.
(2004) The thermodynamics of  DNA structural motifs.
Annu. Rev. Biophys. Biomol. Struct., 33, 415-440).
Some of these bins  have very few samples and those
results exhibit greater uncertainty. Nevertheless, a
trend can be 30 observed that overall as the AG
decreases, the frequency increases irrespective of the
length. The  interesting point is using one perfect
match and three mismatch probes a high base call
frequency  



is possible for oligomer lengths significantly shorter
than the length of the probes (25 bases). The only
probes that clearly have a low frequency of making
base call on the array have lengths  of 13 and 14 and
AG greater than -13 kcal/mol. Primers with AG lower
than -16 kcal/mol on 8 WO 2008/024827
PCT/US2007/076499  average have 50 percent or greater
chance to hybridize and produce a base call. Revised
Model Concept - The experimental evidence from the
trend in the binding  frequencies indicates that
lengths longer than 16 are likely to frequently
generate a resolved base  call without considering any
other factors. For shorter lengths, the AG of the
probe is important  5 in determining if there will be
a significant chance of resolving base call. The model
was modified to determine the AG of the fragments
generated from the sample with m =13. If the
fragment's free energy difference is below the cutoff,
-14.5 kcal/mol, it is accepted. In the case it  is
above the cutoff, the length of the fragment is
increased until its energy is below the cutoff or it
reaches the length of a probe, 25. The resulting list
of fragments is then compared against every  10 probe
set as already mentioned. Amplification,
hybridization, and sequence determination - The
details of the  Respiratory Pathogen Microarray v. I
(RPM v.1) design and the experimental methods have
been  discussed in previous work (Wang et al. (2006)
Identifying Influenza Viruses with Resequencing
Microarrays. Emerg Infect Dis, 12, 638-646; Lin et al.
(2006) Broad-spectrum respiratory tract 15 pathogen
identification using resequencing DNA microarrays.
Genome Res, 16, 527-535;  Davignon et al. (2005) Use
of resequencing oligonucleotide microarrays for
identification of  Streptococcus pyogenes and
associated antibiotic resistance determinants. J Clin
Microbiol, 43,  5690-5695; Lin et al. (2007) Using a
Resequencing Microarray as a Multiple Respiratory
Pathogen Detection Assay. J Clin Microbiol., 45(2),
443-452). Partial sequences from the genes 20
containing diagnostic regions were tiled for the
detection of these pathogens. The experimental
microarray data used for the initial primer analysis
were obtained from clinical samples using  multiplexed
RT-PCR amplification schemes. The results for test of
primer results and the  California lineage samples
used a different multiplex protocol (Lin et al. (2007)
J Clin  Microbiol., 45(2), 443-452). The remaining
influenza samples used a random protocol (Wang et 25
al. (2006) Emerg Infect Dis, 12, 638-646). GCOST"'
software v I.3 (Affymetrix Inc., Santa Clara,  CA) was
used to determine the intensities of the probes and
the base calls were made using  GDAS v3.0.2.8 software
(Affymetrix Inc., Santa Clara, CA). Case 1: Predicting
Primer Interference - The first test use of the model
algorithm was  to understand base calling that was
occurring in 42 microarray experiments with a blank
sample  30 (no nucleic acids added) using a new primer
set that tried to minimize the primer interaction with



the prototype sequences. Since the primers were still
present, they were treated as collection of  sample
sequences and tested using the model against every
prototype sequence on the chip. The  model accurately
predicted the base calling occurring in the
experiments from primers that were  still located on
the prototype sequences. Additional binding to
locations in the center of 9 WO 2008/024827
PCT/US2007/076499  prototype sequences was also seen
and agreed with the experimental results. Primers
designed  for prototype sequences of closely related
organisms caused these base calls. For example, the
adenovirus 4 EIA gene prototype sequence has 19 of 20
predicted bases being called 97% of the  time, which
is located 393 bases from the beginning of the
sequence. One base, which is a single 5 nucleotide
polymorphism (SNP) at the edge of the region, was
predicted to call was but was  observed only called
12% of the time in the experiments. This region when
compared to other  prototype sequences is a match for
primer region selected for the adenovirus 7 EIA
prototype  region. Similar agreement was seen for the
other 47 regions predicted by the model. Case 2: Model
Predictions for Long Sequences - After successful
demonstration of the  10 accuracy of the model for
shorter fragments, the predictions for entire
prototype sequences were  examined. Results using
conventional sequencing samples in the model compared
to experimental microarray results for four data sets;
influenza A/H3N2 Fujian-like lineage,  influenza
A/H3N2 California-like lineage, influenza B
Yamagata/16/88 lineage, and influenza B  Victoria/2/87
are reported in Table 1. The results report averages
for samples that have a great 15 deal of similarity
such as for the influenza A/H3N2 Fujian-like samples,
the average base call  rate for the experiments was
85% while the model predictions averaged 97%. The
average  number of SNPs was 9.8 (1%) between the
prototype and the conventional sequences. While the
model predicted 9.2 SNPs would be resolved, only 6.3
SNPs were observed in the experiments.  The model
predicts 8.8 N calls that the experiment has a
specific base call, and the microarray 20 has 94.9 N
calls that the model predicts should be a specific
base call. So on average 14.3 N  calls match between
model and microarray results. Table 1 - Summary of
average model and experimental microarray results for
influenza  hemagglutinin gene that could be placed in
separate groups based on lineage. Sample Set Tile
Resolved Base calls Number SNPs with Number N calls
respect to Prototype Influenza Array Modcl Conv Model
Array Model Array Model and  only onl Array  A
Fujian-like 770 85.4+3.6 96.7+0.012 9.8 9.2 9.2(0)*
8.8 94.9 14.6  lineage 12) 



A California- 770 92.2+7.8 95.3+0.013 11.9 11.6
l0.7(1)* 15.3 38.7 21.5  like lineage (12)  B Yamagata
660 77.5+3.7 86.8+0.011 24.5 17.6 12.2(1)* 26.4 87.2
61  lineage (8) B Victoria 660 47.7+3.9 51.4+0.007
65.2 39.2 31.2(4)* 70.2 94.2 251  Lineage (4) 25 *
numbers in parentheses are number of disagreements
with respect to conventional results  Table 2 shows
for a specific isolate from the Fujian-like lineage
samples (identified as  10 WO 2008/024827
PCT/US2007/076499  A/Nepal/1727/2004) the location of
each of 6 SNPs resolved on the microarray and the
number  of additional bases that were called N in a 25
base long window centered on the SNPs. The total  base
call rates were 97.4% for the model and 88.4% for the
microarray. Using this information  to group the N
calls, 46 N calls are closely related with SNPs and 29
N calls are spread uniformly 5 across the microarray
and mostly consisted of single N calls surrounded by
resolved bases or a  few events of two consecutive N
calls or two N calls in a group of three bases. The
sample has a  total of 8 SNPs when comparing the
conventional and prototype sequences and the two SNPs
not  identified on the microarray were both located
near other SNPs that were identified. The model  and
microarray agree on 12 N calls located near 7
different SNPs but six more N calls predicted 10 in
the model near SNPs were resolved in the experiment
and so represent discrepancies in the  model. Table 2
- Location of SNP for influenza A strain compared to
FluAHA3 prototype sequence.  Location Target Base
Actual Base N calls in local N calls in local region
region(chip) (model) 299 G A 10 1  313 G A 8 1  352 A
C 10 8  393 A T 2 3  483 G A 5 0  593 G A 8 3  596 T C
8 3  698 C A 3 4  15 The prototype sequence differed
from the sample sequence by 1.5% for the influenza
A/H3N2 California-like lineage samples and 3.7% for
the influenza B Yamagata/16/88 lineage  



samples and 9.8% for the influenza B Victoria/2/87
lineage samples. These results differed from  the
first group of samples also in that there were
disagreements between the conventional  sequencing and
the microarray base calls other than N calls. The
influenza B samples that were 20 run under the same
protocol as the influenza A/H3N2 Fujian-like lineage
had 1 (Yamagata  lineage) and 4 (Victoria lineage)
base call differences. These bases calls all occurred
in regions  at least 3 N calls from any region of many
resolved base calls and the model predicted N base
calls at these locations. The influenza A/H3N2
California-like samples used a different protocol  and
while the disagreements have many N calls near them,
they do not consistently have at least 25 3 N calls
separating them from regions of many resolved bases.
This accuracy of 99.87% on the  bases calls is a
reasonable error rate to expect when determining the
base calls from a single  microarray experiment. The
model has a similar performance for the percentage of
base calls predicted for  11 WO 2008/024827
PCT/US2007/076499  samples that differ from the
prototype sequence from I% to 4% and appears to have a
slightly  better agreement when the difference
increase to -10%. However, overall base call
percentage  can be a misleading indicator of model
performance. The N calls can be broken down into three
groups; N calls predicted in model but not observed, N
calls observed but not predicted, and N 5 calls both
predicted and observed. Examining the trends one can
see that for the three sample  sets subject to the
same protocol as the amount of variation increased
from 1% to 10%, the  predicted N calls that matched
observed N calls increased by the largest amount
reflecting where  the model is accurate. The N calls
observed but not predicted remains roughly constant.
The N  calls made in the model but that are resolved
base calls on the chip also increases. The improved 10
agreement for the percentage of base calls seen at 10%
is caused by the increase overall base call.  Overall
the other influenza A/H3N2 sample behaves in a similar
manner to the other data sets  and the differences in
some details probably reflect differences in the
protocol used. Even  though the model is not as
accurate when SNPs occur more frequently, the regions
that have a  lower frequency are correctly identified
and these are the regions that are used in our current
15 pathogen identification analysis. Fig. 4 shows a
section from an influenza B sample that differs  by
10%. Some features like the large stretches of N calls
or resolved calls are present in all  sample sets. The
stretches of base calls from these regions are what
are used most often in the  analysis program, CIBSI
v.2. The B regions of Fig. 4 represent scattered base
calls in a region of  predicted N calls and are found
in the sample sets having 4% or more variation. The C
region in 20 Fig. 4 is similar to region B except in
this case many more experimentally resolved base calls
in  the region are predicted as N. This type of
behavior was only observed in the samples of 10%  



variation. The model can be used to understand the
behavior of an organism when using a  representative
sequence from a genomic sequence database rather than
the conventional 25 sequencing of the sample. An
example is the influenza A/Puerto Rico/8/34 strain was
used as a  spike in test on the microarray and the
experiments only had significant base call rates on
the  neuraininidase and matrix prototype sequences.
This is consistent with the model simulation  which
correctly identified the regions in the two prototype
sequences that would generate  significant base calls
and predicted that an insignificant number of base
calls would occur in the 30 hemagglutinin prototype
sequence due to differences between the influenza
A/Puerto Rico/8/34  strain and prototype sequence. The
examination of a large collection of resequencing
microarray probe sets using well  defined short
oligomer probes has clearly demonstrated that short
fragments with only 16  sequential complementary bases
can produce accurate base discrimination a significant
fraction 12 WO 2008/024827 PCT/US2007/076499 of the
time. This hybridization is independent of GC content
or calculated AG, and segments as  short as 13 bases
will produce calls when the GC content or AG is
favorable. The simple model  for predicting
hybridization patterns developed in this study has
excellent agreement with  observed experimental
results when it was assumed that only 13 contiguous
bases matching 5 perfectly are required for specific
binding. Better agreement was reached by also
requiring that  the predicted size of AG of a binding
fragment meet a minimal size requirement. The
implication  for resequencing microarrays is that
significant amounts of specific hybridization occurs,
with  resultant nucleotide base calling, for fragments
that have less than a perfect 25 base match with  the
probes. The testing of the primers demonstrated the
difficulties in eliminating all potential 10
cross-hybridization of primers with prototype
sequences in highly multiplexed systems.  However,
because probe-target hybridization on the microarray
can be predicted, it is  straightforward to account
for cross-hybridization effects when analyzing the
results and does not  need to be physically
eliminated. The model performs reasonably well,
particularly for the  application that drove its
development and has provided insight into why this
detection method 15 works in complex mixtures. It
should be applicable for predicting behavior of other
microarrays  that use complete match-mismatch probe
sets with different criteria to select the probe sets,
such  as Affymetrix Mapping Arrays and Genotyping
Arrays. When considering the influenza B samples, it
becomes apparent that some fragments  that could
potentially bind to probes might be missed when 13
contiguous complementary bases  20 are required for
hybridization. The evidence also suggests that
fragments containing one 



mismatch with sufficiently strong binding energy can
result in base calls. Unfortunately, the few  samples
of influenza B currently available make it impractical
to try to establish what energy a  fragment must have
when it contains a mismatch. Another shortcoming of
the model relates to  its failure to predict N calls
that are not closely associated with a SNP.
Experimental microarray 25 results provide only one
microarray result per sample. Thus, it cannot be
determined whether the  scattered N calls appear
reproducibly or randomly as many factors might
influence this behavior.  The formation of self-loop
structures was eliminated as a dominant factor in the
model, since  incorporation of this did not result in
matching prediction and observed experimental
patterns. The current model can be used to predict
whether sufficient base calls will occur for a  30
pathogen of interest within a selected prototype
sequence to be identified using the analysis  program,
CIBSI V2.0 (Malanoski et a]. (2006) Automated
identification of multiple micro- organisms from
resequencing DNA microarrays. Nucleic Acids Res., 34,
5300-5311). A simple  rule of thumb can be made that
sequences that differ by more than 80 percent from the
probe  sequence have few instances in which sufficient
matching bases are contiguous to allow a 13 WO
2008/024827 PCT/US2007/076499  significant amount of
base calling and will never generate organism
identification by our  methods. This is a useful quick
estimate of the upper bound on the maximum number of
reference strains a probe sequence can detect. The
developed model can be applied to the  sequences that
fall within this range to more accurately predict
which organisms can be detected  5 and the performance
of a prototype sequence. The results of the modeling
can be used for selection of the prototypes for
inclusion on  a microarray. The overall design process
can be implemented in the next microarray designs for
biothreat agents and a regional (e.g. Africa)
organisms specific microarray. The identification of
the regions from organisms may or may not be solely a
literature search. This will remain an 10 important
tool for larger genome targets but may be unnecessary
for viral organisms with smaller  genomes. The
methodology for organism detection that will be
applicable for any design can be  characterized as a
series of steps. First, the list of sequences is to
include target sequences and  any sequences from near
genetic neighbors so that the effect of their
hybridization to the  reference sequences can be
checked. A gross predictor of hybridization can be
obtained from the 15 percentage of bases that match an
alignment procedure (BLAST). By using cutoff criteria
below  the percentage that commonly gives the smallest
usable hybridization program, it is possible  from
BLAST queries to construct a list of sequences that
may potentially hybridize in different  regions. This
list of sequences is to include target sequences and
any sequences from near  genetic neighbors so that the
effect of their hybridization to the reference
sequences can be 



20 checked. Second, coupling sequence selection with
taxonomic information each region can be  evaluated
for whether it can give the desired level of
discrimination and whether it limits its  detection to
desired targets only or not. This will provides an
immediate upper limit on the  possible number of
organisms a reference sequence may usefully detect.
Third, after the best  candidate regions are
determined using the above methods. Fourth, a list of
the number of strains 25 each strain can detect is
made and used as the criteria for selecting reference
strains. Fifth, the  strain that detects the most
other strains is removed from the list and used as the
first reference  strain. All strains that it is
capable of detecting are also removed from the list.
Of the remaining  strains, the one that detects the
most other strains is selected as the next reference
strain. In the  general formulation rather than
limiting comparison to sequences only with the target,
each of the 30 sequences that need to be detected is
tested as a potential reference sequence. The other
organism sequences it can potentially identify will be
obtained from a query using BLAST to  determine which
subset of the sequences has a chance of hybridizing.
This subset is simulated  with the more detailed model
to predict hybridization. The resulting hybridization
is evaluated  using the detection algorithm developed
to classify hybridization on real chips rather then
the  14 WO 2008/024827 PCT/US2007/076499  simpler
criteria used before. For each potential reference
sequence, a refined upper bound on the  number of
target and non-target sequences each can detect can
now be established. Selection of  reference sequences
used will then proceed in a manner to use the minimum
space to provide the  required level of
discrimination. Primer selection is then performed
after the sequences have 5 been selected. The method
may have the following features. The method does not
rely on open  literature solely to determine the
reference sequences selection as they may be outdated
from the  addition of new organism sequence since the
publication. The design scheme provides an
independent check on the validity of the reference
sequences selected before fabrication is carried 10
out. The may be improvement over selected reference
sequences which were possible only  between
microarrays designs based upon the performance of
previous chip design. The method  may determine a
smaller set of reference sequences that can provide
the level of discrimination  specified without prior
validation. The method may allow for an automation
process for target  gene selections and shorten the
turn around time for chip design. 15 Having described
the invention, the following examples are given to
illustrate specific  applications of the invention.
These specific examples are not intended to limit the
scope of the  invention described in this application.
Example 1 



20 Hypothetical example with short sequences - The
following illustrates the disclosed  methods using
artificial, short sequences not intended to correspond
to any particular real  species. It is desired to
fabricate a resequencing microarray for detection of
species A, B, C, D,  and E. As used herein, "species"
may refer to taxonomic species as well as different
types or  strains of a single species, and
combinations thereof. It is known that nominal target
I (Fig. 5) is 25 found in the genome of at least one
of these species. A search for similar sequences is
performed  using a database such as BLAST to produce a
list of targets. A minimum percent similarity, for
example 70%, may be used to filter the results. If too
many targets or targets from too many  species, such
as genetically distant species, are reported, the
percentage may be raised to reduce  the size of the
list. Also, the list may be manually reviewed for
removal of specific, undesirable  30 targets. Fig. 5
shows a hypothetical list of targets 10-40. (Reference
number ranges such as  "10-40" include only numbers of
that form, rather than every number from 10 to 40.)
The list of  targets is provided to a computer system,
which may be the same computer used to create the
list.  The list and all subsequently described data in
this example at least up to assembling base call 15 WO
2008/024827 PCT/US2007/076499  sequences is stored in
a computer memory or medium. The list of candidate
prototype sequences  100-400 in this example is
identical to the list of targets 10-40, though that is
not required. Fig. 6 shows a hypothetical collection
of probes 111-434 derived from the candidate
prototype sequences 100-400. The subsequence length of
the probes is chosen to be seven, 5 though other
values may be used. Probes 111-134 are derived from
candidate prototype 100, and  so forth. Probe 111 is
the first seven bases of candidate prototype 100.
Probes 112-114 are  single nucleotide polymorphisms of
probe 111 at the center position. Probes 111-114 make
up  one set of probes. Probes 121 and 131 are also
seven base subsequences of candidate prototype  100,
each shifting one base to the right. Thus, all three
possible seven base subsequences of 10 candidate
prototype 100 are in the collection of probes. Probes
122-124 and 132-134 are single  nucleotide
polymorphisms of probes 121 and 131, respectively.
Fig. 7 shows a hypothetical list of fragments 11-46
derived from the targets 10-40. The  fragment length
is chosen to be 4, though other values may be used.
Thus a target with a length  of nine has six possible
fragments. Also shown is a list of extended fragments
11'-46', containing 15 some original fragments and
some fragments made by adding extra bases from the
target. The  extended fragments are made by
calculating the binding free energy of each fragment
with a  perfect complimentary sequence of the
fragment. If the binding free energy for a fragment is
above a predetermined, fixed threshold, the fragment
is extended one nucleotide at a time until  



the binding free energy is below the threshold or the
fragment is the same length as the probe. 20 One
suitable method of calculating the binding free energy
is an oligonucleotide nearest neighbor  model, though
other methods may be used. A suitable binding free
energy threshold for use with  Affymetrix resequencing
arrays is about -14.5 kcal/mol, though other values
maybe used. (No  actual calculation was performed for
this example, as it is illustrative.) Fig. 8 shows all
perfect matches between the probes and the extended
fragments. The  25 probe sets starting with 111, 131,
211, 221, 231, 321, 411, and 421 contain only one
probe that  matches any extended fragments. When
assembling a base call sequence, these sets produce a
base call that is the same as the center base of the
first (non-polymorph) probe of the set. The  probe
sets starting with 121, 311, 331, and 431 contain more
than one probe that matches any  extended fragments. A
non-base call ("N") is assigned for these probe sets.
If there were any 30 probe sets with no matches, these
would also be assigned a non-base call. The base call
sequence  for each candidate prototype sequence and
the probe sets from which they are derived are shown
in Fig. 9. Fig. 10 shows the lists of matching
organisms for each candidate prototype. The  checked
organisms contain the corresponding candidate
prototype. This may be determined by  16 WO
2008/024827 PCT/US2007/076499  reference to external
databases. The minimum number of base calls is chosen
to be 2, though  larger numbers, such as 50, may be
used. As such, no list of matching organisms need be
made  for candidate prototype 300, as its base call
sequence (NGN) contains only one base call. This is
the case even if it would match the most organisms.
Candidate prototype 400 matches the most 5 organisms
(A, B, and E). It is added to the list of final
prototypes and removed from the list of  candidate
prototypes. A, B, and E are removed from the list of
organisms. At this point  candidate prototype 100
matches two of the remaining organisms (C and D) while
candidate  prototype 200 matches only one (C).
Candidate prototype 100 is added to the list of final
prototypes and removed from the list of candidate
prototypes. C and D are removed from the list 10 of
organisms. As the list of organisms is now empty, no
more prototypes are moved to the list of  final
prototypes. A resequencing microarray may be
fabricated containing each set of probes
corresponding to each final prototype sequence. Here
the microarray would contain probes 111,  112, 113,
114, 121, 122, 123, 124, 131, 132, 133, 134, 411, 412,
413, 414, 421, 422, 423, 424, 15 431, 432, 433, and
434. This set of probes will detect each organism even
though it does not  detect every target. The
microarray may also contain a sequence complimentary
to each of these  probes. 



This example is based on a single nominal target, but
more than one nominal target may  be used. The target
sequences may correspond to a single gene in common to
a subset of the 20 organisms, and the list of
organisms may comprise a plurality of strains of a
single species. If the  resulting list of final
prototypes cannot detect all the organisms, then the
process or parts thereof  may be repeated with
different parameters, such as targets, candidate
prototypes, probe length,  fragment length, and
minimum number of base calls. 25 Example 2
Enteroviruses and Adenoviruses - The process was
performed using enteroviruses  and adenoviruses as the
list of organisms. The final prototypes sequences are
identified as SEQ  ID NOS: 14-51. A resequencing
microarray containing the probe sets generated from
these  prototypes was made has been designated RPMv.3.
30 Obviously, many modifications and variations of the
present invention are possible in  light of the above
teachings. It is therefore to be understood that the
claimed invention may be  practiced otherwise than as
specifically described. Any reference to claim
elements in the  singular, e.g., using the articles
"a," "an," "the," or "said" is not construed as
limiting the element  to the singular. 17 WO
2008/024827 PCT/US2007/076499  CLAIMS  What is claimed
is: 1. A computer-implemented method comprising:
providing a list of target sequences associated with
one or more organisms in a list of  5 organisms;
providing a list of candidate prototype sequences
suspected of hybridizing to one or more  of the target
sequences; generating a collection of probes
corresponding to each candidate prototype sequence,
each collection of probes comprising a set of probes
for every subsequence having  10 a predetermined,
fixed subsequence length of the corresponding
candidate prototype sequence, the set consisting of
the corresponding subsequence and  every variation of
the corresponding subsequence formed by varying a
center  nucleotide of the corresponding subsequence;
generating a set of fragments corresponding to each
target sequence, each set of 15 fragments comprising
every fragment having a predetermined, fixed fragment
length of the corresponding target sequence;
calculating the binding free energy of each fragment
with a perfect complimentary  



sequence of the fragment, and if any binding free
energy is above a  predetennined, fixed threshold, the
fragment is extended one nucleotide at a time 20 until
the binding free energy is below the threshold or the
fragment is the same  length as the probe, generating
a set of extended fragments; and determining which
extended fragments are perfect matches to any of the
probes; and  assembling a base call sequence
corresponding to each candidate prototype sequence
comprising: 25 a base call corresponding to the center
nucleotide of each probe of the  corresponding
prototype sequence that is a perfect match to any
extended fragment, but for which the other members of
the set of  probes containing the perfect match probe
are not perfect matches  to any extended fragment; and
30 a non-base call in all other circumstances. 2. The
method of claim 1, wherein a subset of the target
sequences corresponds to a single  gene in common to a
subset of the organisms. 18 WO 2008/024827
PCT/US2007/076499 3. The method of claim 1, wherein
the list of organisms comprises a plurality of strains
of a  single species. 4. The method of claim 1,
further comprising: selecting a nominal target
sequence known to be found in at least one of the
organisms;  5 performing a similarity search against a
database of known sequences to add additional  target
sequences having at least a predetermined degree of
similarity to the  nominal target sequence; and
generating the list of candidate prototype sequences
to be identical to the list of target  sequences. 10
5. The method of claim 1, wherein the subsequence
length is 25.  6. The method of claim 1, wherein the
fragment length is 13. 7. The method of claim 1,
wherein the binding free energy is calculating
according to an  oligonucleotide nearest neighbor
model. 8. The method of claim 1, wherein the binding
free energy threshold is about -14.5 kcal/mol.  15 9.
The method of claim 1, further comprising: generating
for each candidate prototype sequence a list of
matching organisms containing  that candidate
prototype sequence for which the base call sequence
corresponding  to that candidate prototype sequence
comprises a fixed minimum number of base  



calls; 20 moving the candidate prototype sequence
corresponding to the longest list of matching
organisms to a list of final prototype sequences;
removing the matching organisms corresponding to the
moved prototype sequence from  the list of organisms;
and repeating the moving and removing until the list
of organisms is empty.  25 10. The method of claim 9,
wherein the minimum number of base calls is 50.  19 WO
2008/024827 PCT/US2007/076499  11. The method of claim
9, further comprising: fabricating a resequencing
microarray containing each set of probes corresponding
to  each final prototype sequence. 12. The rnicroarray
fabricated according to the method of claim 11. 5 13.
The method of claim 11, wherein the microarray further
comprises a sequence  complimentary to each probe on
the microarray. 20 


