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LISTING The present application includes a sequence
listing on an accompanying compact disk containing a
single file named NC974 16.txt, created on July 5,
2005, 639 KB in size, and additionally labeled:
Applicant: The Government of the United States of
America as Respresented by the Secretary of the Navy
Title: Resequencing Pathogen Microarray File Reference
Number: NC 97,416 The entire contents of that
accompanying compact disk are incorporated by
reference into this application. TECHINCAL FIELD The
present invention provides pathogen detection by use
of DNA resequencing microarrays. Preferably, the
present invention provides for simultaneous detection
of multiple pathogens. The present invention also
provides resequencing microarrays and microarray chips
for differential diagnosis and fine-scale
discrimination between closely related pathogens
present m a biological sample. The present invention
further provides methods of detecting the presence and
identity of pathogens present in a biological sample.
The invention enables diagnosis and surveillance of
known pathogen sequences and pathogens that may be
identified due to unanticipated sequence variations,
as well as mixtures of such pathogens. Resequencing,
combined with several amplification strategies, allows
simultaneous clinical diagnosis and performance of
traditional surveillance assays for serotyping,
antibiotic resistance profiling, genetic drift/shift
analysis, forensics, and rapid detection of biological
terrorism events.The present invention is also
relevant to a variety of automated selection systems
including automated sub sequence selection systems for
usage with any method group of nucleic acid or protein
sequences generated by alternative methods. The system
is configured to automatically select sets of
sub-sequences from incomplete nucleotide sequence data
obtained from resequencing DNA microarrays, according
to parameters predetermined by the system or
determined by a user, for selecting sequence subsets
that are optimally suitable for comparison against a
collection of predetermined database sequences using
one or more similarity search algorithrn(s).
Embodiments of the invention also enable the further
analysis and presentation of relevant results returned
by a similarity search resulting from submission of
one or more subsequences. Aspects of the invention
described herein distinguish between combinations of
sequence signatures that arise from a mixture of
multiple sequence targets (e.g. microbial organisms)
or from a rearrangement of sequences within a single
target. Embodiments of the method are also capable of
assigning relative abundances of mixed target
sequences based on relative signal intensity values
from the DNA microarray itself. Moreover, an aspect of
the invention is an integral component of an iterative
process for designing resequencing DNA microarrays
using "prototype" sequence tiles to represent a range
of related target sequences (e.g. pathogens).
BACKGROUND ART As we move through the biotechnology
age fostered by the human genome project a premium has
been placed on the development of high throughput
methodologies to obtain and analyze sequence
information. To meet this demand, the multifunctional
DNA microarray platform has gained notoriety leading
to an explosive growth in application methods using
the same. More importantly, the evolution of world
events and the emergence of bioterrorism in mainstream
society have led to a growing sentiment amongst the
scientific community and lay people alike that new,
rapid, and accurate techniques for biological threat
identification and eradication must be developed. The
concept of a microarray used for broad-spectrum
pathogen identification has considerable and obvious
appeal to both medical practice and national defense.
It is within this framework that the present inventors
have endeavored. Heretofore, for the purpose of
pathogen identification, approaches generally rely on
the ability of immobilized "probe" DNA sequences on
the surfaces of microarrays to hybridize with
complementary genomic "target" that is uniquely
identifying of a particular category or specific
strain of microbial pathogen. Various microarray
technologies have been developed for this purpose,
varying in the density of probes and the time ranges
required for assay completion. One technical challenge
for pathogen detection with microarrays arises due to
the difficulty in obtaining samples with a sufficient
quantity of pathogen nucleic acid. Thus, for a
majority of sample types, some sort of target
amplification will likely be required to provide
sufficient copies of pathogen gene markers for
detection by microarray hybridization. Unfortunately,
conventional methods for this amplification do not
scale well in comparison to the number of probes that
can be placed on a microarray chip. However, the most
commonly employed means of providing sufficient
quantities of genomic target to detect hybridization
relies upon genotypic identification methods that
utilize molecular biology-based techniques, such as
the polymerase chain reaction (PCR). These techniques
offer several potential advantages over conventional
microbiological approaches. Nucleic acid amplification
strategies base pathogen identification on the
detection of genetic information contained within the
organism, such that culturing the organism is not
required. Although PCR-based assays are sensitive,
accurate, and rapid, these methods also introduce a
new set ofproblems. As success&l identification
depends almost entirely on appropriately chosen primer
sets, as PCR-based testing requires assumptions about
the exact sequences pertaining to the identity of the
target organism(s). Consequently, there is a critical
need for advanced diagnostic systems that can detect
both assumed and unanticipated pathogen sequences. DNA
microarrays, which enable the simultaneous
interrogation of thousands of genetic elements,
address this crucial need. Here, the term "microarray"
refers to any type of planar substrate or solid beads
presenting a high multiplicity (102 to 106) of
individual sites, each presenting nucleic acid probes
designed to selectively capture complementary strands
of target (i.e. pathogen or host) nucleic acid.
However, the majority of pathogen identification
microarrays described in the literature is prepared
using oligonucleotides that are robotically spotted
onto derivatized glass surfaces (typically 3x1 inch
microscope slides). This approach allows the most
flexibility with regards to the size of the
oligonucleotides that are deposited, ranging from
20-mers to cDNA PCR products of several thousand base
pairs (bp). With few exceptions, the detection event
is an increased level of fluorescence originating from
a spot following hybridization of a
fluorophore-labeled target nucleic acid. Short
(14-25mer) oligonucleotides, immobilized inside
acrylamide pads, have been applied extensively to
pathogen identification (Strizhkov et al., 2000;
Vasiliskov et al., 1999) in a collaborative effort
between Argonne National Lab (DOE, USA) and the
Engelhard Institute of Molecular Biology (Moscow, RU)
under the leadership of Andrei Mirzabekov. In
addition, low-density microarrays (several hundred
features per 3x1 inch microscope slide) have been used
for determination of drug resistance determinants
(Volokhov et al., 2003). One distinguishing aspect of
this body of work is the use of three-dimensional
polymer matrices for probe immobilization instead of
twodimensional planar surfaces. More recently,
Cherkasova et al have described the use of
glass-immobilized short oligonucleotide spotted
microarrays to map poliovirus mutations using
overlapping 14-25mer probes (Cherkasova et al., 2003).
Two variations of this approach have been used: (1)
Microarrays for Resequencing and Sequence
Heterogeneity (MARSH) assay, and (2) Microarray
Analysis of Viral Recombination (MAVR) assay. MARSH
uses a set of overlapping (at half length) nucleotide
probes for individual gene sequences. Hybridizations
patterns allow the detection of single point mutations
or substitution/deletion events to a resolution of
half probe lengths (e.g. 7-10 bp) but does not allow
for exact determination of position(s) or the nature
of the mutation. Accordingly, conventional DNA
sequencing technologies must be employed subsequently
to determine these changes. MAVR uses organismspecific
oligonucleotide probes that cover the entire genome at
~ 150 nt spacings and is used to detect large scale
genetic recombinations. The DeRisi group at UCSF
pioneered the use of long (70-mer) oligonucleotide
probe microarrays for broad-spectrum pathogen
identification (Wang et al., 2002; Wang et al., 2003).
The use of long (70 nt) oligonucleotides bears
implicit advantages and disadvantages. One advantage
is that higher degrees of sensitivity can usually be
achieved with 70-mer probes compared to shorter ones
(e.g. 20-25mers). However, specificity is reduced
because 70-mer target/probe hybridizations are
generally insensitive to significant numbers (e.g.,
7-10) of single base mismatches, whereas shorter
probes provide much greater sequence specificity.
DeRisi's group described the use of spotted
microarrays having 1,600 different 70-mer
oligonucleotide probes to identify a variety of
viruses responsible for common respiratory infections
(Wang et al., 2002). The probes were selected for each
pathogen using an algorithm that located
discriminatory sequences from a list of known viral
genomes. A serial combination of a previously
described (Bohlander et al., 1992) method and
subsequent PCR / Klenow fragment-based amplification
was used to achieve non-biased amplification of both
viralKNA and DNA, allowing generation of sufficient
amounts of target amplicons for successful microarray
hybridization and detection via fluorescent label.
(N.B. This protocol was placed into the public domain
via the DeRisi lab website (http://derisilab.ucsf.edu)
'). The time required from sample preparation to
obtained result was approximately 24 hours. Because
exact sequence information was not attainable from
such arrays, pathogen identifications were made on the
basis of a hybridization pattern that could be
empirically determined for each pathogen or strain. In
a related report from the same group (Wang et al.,
2003) similar microarrays were prepared using highly
conserved sequences in an effort to capture as many
microbial species as possible from a sample. Following
physical removal of the pathogen sequences from the
microarray, the sequences are cloned and sequenced
using conventional DNA sequencing technologies. No
measure of analytical / clinical sensitivity or
specificity for pathogen detection in clinical
specimens was provided in the work from the DeRisi
group. In contrast to the above-mentioned approaches
using spotted microarrays, Affymetrix, Inc. (Santa
Clara, CA) uses high-density probe fabrication
technology to construct "tiled" microarrays using 4
probes each in both the sense and anti-sense
directions for each nucleotide base to be resequenced.
Thus, single base substitutions are 



directly detected by the hybridization pattern (for
additional information see Affymetrix CustomSeq design
manual). Several groups described the use of tiled
microarrays for pathogen genotyping. (Kozal et al.,
1996) utilized this type of microarray to measure
mutational drift in HIV while Gingeras et al (Gingeras
et al., 1998; Troesch et al., 1999) used a tiled array
of 65,000 oligomer probes to resequence and accurately
identify 70 clinical isolates of 27 mycobacterial
species and 15 rifampin-resistant M. tuberculosis
strains. More recently, Andersen et al. (Wilson et
al., 2002b) described the use of tiled Affymetrix
microarrays for the identification of biological
warfare agents. Their approach relied entirely on the
use of specific PCR reactions performed in parallel to
generate sufficient pathogen target DNA for microarray
hybridization. In all cases listed above, specific PCR
primers were used to amplify DNA targets prior to
microarray hybridizations, through the use of
conserved primer sites, or in the work of Andersen et
al. (Wilson et al., 2002a; Wilson et al., 2002b), by
carrying out up to ~150 different PCR reactions in
multi-well format and pooling the amplicons. US Patent
6,228,575 Bl describes the same data as described by
Gingeras (Gingeras et al., 1998) and Troesch (Troesch
et al., 1999). In this patent, target pathogen
sequences are tiled onto arrays. Because several types
of variations (esp. insertion/deletion or frequent
multiple substitutions) in pathogen sequence can
perturb hybridization patterns, Gingeras et al. used
differential measures of specific pathogen
hybridization patterns to identify individual
mycobacterial variants. That is, identifications
required a priori knowledge of a differential
hybridization pattern that was empirically determined
in ground truth experiments. As stated above, there is
a critical need for advanced diagnostic systems that
can detect known and pathogen genomic sequences as
well as variations of those sequences. More
particularly, there remains a critical demand for DNA
microarray techniques that are fast and reliable, but
are free from the systemic bias flowing from the
specific PCR based methods that have heretofore been
employed. The convergence of biology with engineering
and computer science has led to the emergence of
biotechnology and bioinformatics which, among many
other goals, aim to rapidly obtain and analyze genomic
and proteomic sequence information for diagnosis of
disease. The experimental viability and widespread
availability of such methodologies are due in no small
part to the emergence of DNA microarrays (Stenger et
al., 2002). Generally, microarray fabrication applies
methods of microprocessor manufacturing to create
"gene chips" capable of rapidly and reliably
identifying sequences of DNA or proteins that are
present in a biological sample. Here, the term
"microarray" refers to any type of planar substrate or
alternative matrix presenting a high multiplicity(102
to 10s) of individual sites, each presenting probes
(immobilized nucleic acids or antibodies) designed to
selectively capture complementary strands of a target
(i.e. gene or gene transcript) analytes in solution.
By design, DNA microarrays enable the simultaneous
interrogation of thousands of gene or gene transcript
elements. In using a resequencing DNA microarray for
genetic analysis, a solution containing amplified and
fluorescently-tagged genetic targets are passed across
the microarray comprised of a plurality of
oligonucleotide probes in a "tiled" format (Kozal et
al., 1996). Complementary sequences in the sample bind
to the corresponding probes contained on the
microarray. The microarray is then analyzed using, for
example, a laser scanner that records the intensity of
light emission from the microarray's probes. The
recorded intensities are then analyzed by
array-specific software used to make "base calls,"
which is a term describing an algorithmic method of
identifying to a certain degree of probabilistic
certainty the sequence of nucleic acids (adenine; A,
thymine; T, cytosine; C, or guanine; G) contained in
the biological sample of interest. A broader IUPAC
definition code is also used to describe less precise
base calls (see U.S. Provisional Application Serial
No. 60/590,931 filed on July 2, 2004 entitled
"Resequencing Pathogen Microarray", supplemental data,
Appendix J "gdas_manual.pdf page 255). If the target
sequence is sufficiently homologous to the appropriate
tile region of the resequencing microarray (fewer than
1-2 base substitutions per 25 bases) then a complete
resequencing of the target is possible. However, the
hybridization to the tile region is interrupted when
the target sequence contains insertions, deletions, or
base substitutions at frequencies of greater than 2
substitutions per 25 bases of target sequence. This
results in the "no [base] call" (N) being made from
the corresponding sequences on the microarray tile
region. N calls also result when the concentration of
the target nucleic acid in solution is low or when
there are interfering level of competing background
nucleic acids in the hybridization solution.
Incomplete biological sequence information can also be
generated by a number of other nucleic acid and
protein sequencing technologies. The primary intended
application of resequencing microarrays is to detect
low probability single nucleotide polymorphisms (SNPs)
or mutations within a limited range of target
sequences. However, although not conventionally
performed currently in industry, sequence output of
the microarray can also be compared against sequence
databases to allow identification of target sequences.
The most prevalent comparison method, or similarity
search algorithm, for sequence data currently in use
is Basic Local Alignment Search Tool, commonly known
as and referred to herein as "BLAST." Numerous
variants exist, including Washington University BLAST
(WUBLAST), NCBI-BLAST, FASTA, MPsrch, Scanps, and
BestFit (Korf, Yandell & Bedell, 2003). Such
comparisons generally yield a number of possible
matches in terms of certainty (measured
probabilistically) that the tested sample includes the
matched biological subject for which a sequence is
known. The sequence output by the intensity analysis
of the microarray is then often compared to a database
that includes known sequences of biological subjects
which could include pathogenic microbes. However, one
normally skilled in the art of molecular biology would
not be capable of visually determining the best
sequence sections from a tiled region containing A,C,
T and G base calls punctuated and in some cases
dominated by varying numbers of no-calls (N). The use
of microarrays for the purposes of genetic sequencing
and identification has drastically increased the
capability of even a single researcher to extract a
large amount of sequence data from a biological sample
for comparison against an even larger number of
previously sequenced organisms and biological
substances. However, the researcher is unable to
utilize the information in a time-effective manner.
Ambiguous results are also problematic for a
researcher submitting sample sequences for comparison
due to excessive wait times and poor (inconclusive or
conflicting) results associated with attempts to match
ambiguous subsequences. Accordingly, a
widely-practiced method of obtaining more relevant
results from sequence comparison is for a researcher
to reviewsequence output searching for subsequences
that appear to have a higher probability of returning
a relevant result. In particular, many researchers
often find themselves manually and subjectively
selecting, or visually parsing, certain subsequences
for comparison against those in the sequence database.
As a result, a researcher expends time and resources
for relatively slowly and subjectively optimizing the
sequence data for submission to the similarity search.
Thus, the current solution for the above-noted
resource utilization problem leads to additional time
and resource requirements demanded of the researcher.
Moreover, as the current solution is subjective as
well as timeintensive, the net gain with respect to
facilitating the advancement (and acceleration) of
genomic research is ambiguous at best. However, as
noted above the vast repositories of known biological
sequences are often contained in shared computing
resources. These shared computing resources require
vast amounts of data storage capacity, as well as
robust and powerful tools with which to compare a
submitted sequence to those contained within the
database. As the amount of sequence data produced (and
submitted) by researchers increases with the
improvement and increasing availability of microarrays
for general research use, the burden placed on shared
databases (and associated systems) in terms of
bandwidth and processing requirements increase
dramatically. In other words, the increase in data
made possible by widespread use of microarrays often
leads to less efficient utilization of shared
bioinformatics computing resources. For example, if
sequences containing a large percentage of ambiguous
sequence data (Ns) are submitted, the sequence
database's computing resources will be spent trying to
find matches for inherently ambiguous sequences,
resulting in all possible similarity search results
with low certainty values. FIG. 10(a) is an exemplary
flowchart illustrating a process that might currently
be performed with methods available to the industry.
In this example, nucleotide or amino acid sequence
data 103 corresponding to a sequence of interest is
submitted for comparison against a known sequence
database using a similarity search 109. The submitted
sequence(s) 103 when compared to database records, 109
might or might not return statistically significant or
meaningful results. Here, by definition, to "compare"
means to perform a similarity search of a query
sequence against a database of sequence records using
any one of a large number of algorithms for
determining similarity (e.g. BLAST). Sequences that
are said to be "comparable" have a sufficient degree
of similarity to at least one sequence in a database
to result in the return of at least one statistically
significant (user defined) result. It is
straightforward for an end user to visually identify
and select contiguous stretches of nucleotide base
calls (comprised of only A, T, C, or G residues) or
amino acids that might be comparable. However, as the
number or percentage of "Ns" contained within target
sequences increases, it becomes exponentially more
difficult for the end user to visually determine the
comparability of either the entire sequence or
subsequences within it. The results 111 include high
probability matches Ilia, lower probability matches
11Ib, and a significant number of statistically
insignificant results 111c that can be attributed to a
chance match with the database. Ns are treated as
"aNy" (wild card) characters by similarity search
algorithms meaning the N could be any of the four base
residues or gap when the default parameters are used.
In the case of a resequencing DNA output, an N
indicates the resequencing algorithm could not resolve
the call and can correspond to any of the four base
residues (A, T, C or G) or to empty space (Korf et
al., 2003). In the case that too many non-calls (Ns)
are included in the submitted sequence, then the
similarity search (e.g. BLAST) will calculate E
(expect) values higher than the acceptable E (expect)
value (e.g. 1.0e-9) indicating the chances are greater
that the returned sequence is not unique. Similarly,
shorter sequences may have higher E values indicating
their lack of use to the end user in determining the
presenceof unique DNA material. The results 111,
including the numerous ambiguous results 111c, are
then left to be analyzed 113 by the researcher. In the
case of FIG. 10(a), other users are shown submitting
their sequences of base calls to the shared sequence
database 109, which handles these additional requests
for local alignment searches. As described above, the
submission of ambiguous sequences by multiple users to
a shared sequence alignment resource often results in
available computing resources being spent to serve
only a small number of sequence submissions. FIG.
10(b) illustrates this alternative case often found in
practice in the industry that is problematic with
regard to researcher time consumption. In contrast to
the previously illustrated case, the sequence data 103
is altered in a cut and paste operation 119 performed
manually by a human researcher. More specifically, the
human researcher often visually scans the raw data
output and subjectively copies and pastes subsets of
the raw data output 119 that appear to contain fewer
"Ns" and submits these subjective selections 121 for
comparison 109. However, as the selection of subsets
is performed subjectively and repetitively for a large
amount of raw data, the humanselected submissions 121
often include comparable 121a and non-comparable 121b
data. Consequently, the results from the BLAST
comparison 123 still include a wide array of possible
matches, ranging from high probability matches 123a,
to low probability matches 123b which are often caused
by selections in which there are to many non-calls
123c as opposed to the anticipated result of a low
probability match caused by a less similar sequence
match. As discussed above, FIG. 10(c) is a schematic
drawing of a general system layout for interaction
with sequence database servers through computer
terminals over a wired or wireless network 128. In
some case, sequence database (and associated server)
127 is located remotely from a researcher's terminal
129. Alternatively, 



some facilities have built custom sequence databases
133 which are accessible through a local terminal 131.
However, the above-noted problems with time and shared
resource consumption are significant in either
configuration with a higher increase in time
consumption at a public database level. A variety of
different factors can contribute to the inability of a
resequencing DNA microarray to make non-ambiguous base
calls. In pure target samples, the hybridization
patterns necessary for base calling (Cutler et al.,
2001; Kozal et al., 1996) are interrupted whenever a
stretch of target sequence is sufficiently dissimilar
from the probe sequences that are tiled on the
microarray surface. This results in the introduction
of N calls into the interrupted positions of the
resequencing microarray output file. The same effect
occurs when the target molecules are present in low
concentration and /or when the target sample is not
pure but contains varying amounts of other nucleic
acid molecules that can bind non-specifically to the
tiled probes with low affinity, resulting in a lowered
signal-to-noise ratio of hybridization (fluorescence)
signals across the probe sets. To illustrate how these
factors can determine whether sequences are comparable
or non-comparable data, FIG. 10(d) shows an example of
a resequencing DNA microarray output file that results
when incomplete hybridization occurs. In the
illustrated case, the sequences 135 are in FASTA
format, however alternative sequence data formats are
equally suitable, including, but not limited to plain,
EMBL, GCG, GenBank, and IG. Within the example
sequence 136 are sequence subsets 140 (subsequences).
Example subsequences 140 include a subsequence with an
excessive number of non-calls (Ns) 137, a subsequence
that is too short to return meaningful results from a
similarity search such as BLAST 139, and a subsequence
that is likely to produce a meaningful result 143.
Additionally, multiple sequences are set off by
aliases, located in the sequence header 138,
referencing the probe tile set that is physically
present on the microarray surface. Overall, the
above-noted problems with the current state of
industry practice are fundamentally related
toresearcher time consumption and shared resource
allocation. More specifically, the increased amount of
subsequence data obtained from samples results in
rapid increases in the utilization of shared resources
such as sequence comparison databases. Such rapid
increases necessitate efficient use for supporting a
growing community (in terms of researchers and data).
With the aim of using shared resources more
effectively, researchers are now often faced with the
need to devote time and resources to subjectively and
manually selecting sequence subsets for comparison. As
stated above, there is a critical need for advanced
diagnostic systems that can rapidly detect both known
and unanticipated sequences. More particularly, there
remains a critical demand for DNA microarray
techniques that reduce the need for human work input
and increase the efficiency of shared resource
utilization, especially in the case of shared
similarity search databases and systems. In addition
to the above-described problems in the industry
regarding more effective use of researcher and shared
computing resources, the evolution of world events and
the emergence of infectious disease and bioterrorism
in mainstream society have led to a growing sentiment
amongst the scientific community and lay people alike
that new, rapid, and accurate techniques for threat
identification and eradication must be developed. The
concept of broad-spectrum pathogen identification has
considerable and obvious appeal to both medical
practice and national defense. It is within this
framework that the present inventors have endeavored.
Furthermore, there remains a need for more ready and
robust determination of mixtures and recombinants in
biological samples from biological sequence data,
regardless of the source of the sequence data.
DISCLOSURE OF THE INVENTION It is an object of the
present invention to provide the following preferred
embodiments: In an embodiment of the present invention
is a resequencing DNA microarray chip of multiple
groups of oligonucleotide primers of a length ranging
from 13 to 70 nucleotides immobilized to a solid phase
support, wherein each group of oligonucleotide primers
is selected to span a particular region of the
reference sequence, occupying a discrete area of the
array (e.g. a tile), and comprising at least four sets
of primers arranged in a parallel fashion on the chip:
1) a first set that is exactly complementary to the
reference sequence; and 2) three additional sets of
primers, each of which is identical to the first set
of primers but for the nucleotide at a central
position, which is different in each of the three sets
such that all four conventional nucleotide bases are
present on said array. a. In a preferred aspect of
this embodiment, the length of the oligonucleotide
primers is 25 nucleotides. b. In a preferred aspect of
this embodiment, the region of the reference sequence
that is spanned by the oligonucleotide primer moves by
(n + 1) nucleotides across the reference sequence for
each adjacent tiled region across the microarray
surface, c. In a preferred aspect of this embodiment,
the resequencing DNA microarray contains 18 x 18
micron features. d. In a preferred aspect of this
embodiment, the resequencing DNA microarray contains 8
x 8 micron features. e. In a preferred aspect of this
embodiment, the sequences selected for tiling are a
single gene or subsequence that may represent a much
broader class of organism genus, species and
subspecies. f. In a preferred aspect of this
embodiment, the sequences selected for tiling are
"prototypes" representing genotypes of pathogen
families. g. In a preferred aspect of this embodiment,
the sequences selected for tiling are "prototypes"
representing afamily or group of adenoviruses, h. In a
preferred aspect of this embodiment, the sequences
selected for tiling are "prototypes" representing a
family or group of influenza viruses. i. In a
preferred aspect of this embodiment, the sequences
selected for tiling are a single gene or subsequence
unique to an individual pathogenic strain. j . In a
preferred aspect of this embodiment, the sequences
selected for tiling encode a drug-resistance marker,
k. In a preferred aspect of this embodiment, the
resequencing DNA microarray is a Version 1 Respiratory
Pathogen Microarray (RPMVl). 1. In a preferred aspect
of this embodiment, the resequencing DNA microarray is
a Version 2 Respiratory Pathogen Microarray (RPMV2).
m. In a preferred aspect of this embodiment, at least
one common pathogen and at least one biological
terrorism agent is represented on the same chip n. In
a preferred aspect of this embodiment, the
resequencing DNA microarray embraces any combination
of the aforementioned aspects. In an embodiment of the
present invention is a kit containing (a) the
aforementioned resequencing DNA microarray, and (b)
reagents suitable for specific hybridization of target
sequences to the probe sequences present on said
resequencing DNA microarray. In an embodiment of the
present invention is a method of detecting the
presence of a drug-resistance marker in a
microorganism or a microorganism belonging to a
particular class of organism species or subspecies,
wherein the method comprises: (1) providing a
resequencing DNA microarray as described above; (2)
contacting to said resequencing DNA microarray a
unknown sample; (3) hybridizing the contents of said
unknown sample to the probe sequences immobilized on
said resequencing DNA microarray under suitable
conditions and for a suitable time; (4) detecting the
presence and/or identity of a drug-resistance marker
in a microorganism or a microorganism belonging to a
particular class of organism species or subspecies in
said unknown sample, and (5) detecting a sufficient
amount of pathogen sequence in order to allow a
forensic assessment of the possible source(s) of
pathogens. a. In a preferred aspect of this
embodiment, the method is for detecting the presence
of a particular pathogenic species. b. In a preferred
aspect of this embodiment, the method is for detecting
the presence of a drag-resistance marker. c. In a
preferred aspect of this embodiment, the hybridization
time ranges from 15 minutes to 24 hours. d. In a
prefeited aspect of this embodiment, the unknown
sample is a biological sample, including a nasal wash
specimen, a throat swab, a blood sample, and a sputum
sample, or an environmental sample, including a soil
sample, an air sample, and a water sample. e. In a
preferred aspect of this embodiment, prior to
hybridizing the unknown sample is subjected to one or
more of the following steps: (1) isolation, (2)
enrichment for target sequences of interest, (3)
amplification, (4) labeling, and (5) hybridization
(e.g., subtractive). f. In a preferred aspect of this
embodiment, prior to hybridizing the target nucleic
acids of interest in the unknown sample is amplified
by specific reverse transcription (RT), PCR, multiplex
PCR, and/or random PCR. g. In a preferred aspect of
this embodiment, prior to hybridizing the target
nucleic acids of interest, theunknown sample is
subjected to a random amplification strategy (e.g.,
random primed, isothermal Klenow polymerase-based,
f29DNA polymerase-based, tandem amplification,
multiplex PCR, and total amplification). h. In a
preferred aspect of this embodiment, the DNA present
in said unknown sample has been enriched. i. In a
preferred aspect of this embodiment, the target
nucleic acids of interest present in said unknown
sample are enriched by subtraction of the background
nucleic acids from said sample j . In a preferred
aspect of this embodiment, the target nucleic acids of
interest present in said unknown sample are enriched
by selective removal of said target nucleic acids from
a mixture of nucleic acids presenting said unknown
sample. k. In a preferred aspect of this embodiment,
the target nucleic acids of interest present in said
unknown sample are enriched by selective capture using
probes having complete or partial sequence homnology,
followed by amplification and hybridization to the
microarray. 1. In a preferred aspect of this
embodiment, said detecting the presence and/or
identity is by (a) making base calls based on the
hybridization response between the nucleic acids of
interest in said unknown sample and the probe DNA on
the resequencing DNA microarray and (b) determining
the sequence of the corresponding full-length gene or
genomic fragment by comparing the sequence of the
hybridized region to sequences present in a sequence
database. i. In a particularly preferred aspect, the
base calls are made by the Affymetrix GDAS software
under "permissive" settings. ii. In a particularly
preferred aspect, sequence determination is by
Resequencing Pathogen Identifier (REPI) software (see
U.S. provisional Application Serial No. 60/609,918
filed on September 15, 2004, and U.S. provisional
Application Serial No. 60/631,460, filed on November
29, 2004). iii. In a particularly preferred aspect,
the sequence database is GenBank. In an embodiment of
the present invention is a method of routine diagnosis
of common respiratory pathogens and/or biological
terrorism agents by using the method of C above. In an
embodiment of the present invention is the genomic
sequences of thirteen adenovirus strains, which were
not known as of the date of the present invention,
including: Ad3, Ad3FS_navy, Ad4, Ad4vaccine, 



Ad4FS_navy, Ad4FS_AF, Ad5FS, Ad7, Ad7FS_navy, Ad7
vaccine, AdI 6, AdI, and Ad21, and fragments thereof.
In an embodiment of the present invention is a method
of surveillance of common respiratory pathogens and/or
biological terrorism agents by using the method of C
above. In an embodiment of the present invention is a
method of estimating the relative amount of a pathogen
in a biological sample containing the same comprising
providing a resequencing DNA microarray as described
above; (2) contacting to said resequencing DNA
microarray said biological sample; (3) hybridizing the
contents of said unknown sample to the probe sequences
immobilized on said resequencing DNA microarray under
suitable conditions and for a suitable time; and (4)
quantifying the presence and/or identity of a
drug-resistance marker in a microorganism or a
microorganism belonging to a particular class of
organism species or subspecies in said unknown sample.
a. In a preferred aspect of this embodiment, said
quantifying is by determining the absolute intensity
of the hybridization signals on the chip. b. In a
preferred aspect of this embodiment, said quantifying
is by determining the percentage of base calls,both as
a percentage of the total tile region size and as a
percentage of base calls within a selected subsequence
satisfying the sliding window algorithm (i.e., REPI).
Another aspect of the present invention provides a
computer-implemented biological sequence identifier
(CIBSI) system and method for selecting a subsequence
from biological sequence data according to at least
one selection parameter. The at least one selection
parameter corresponds to a likelihood of returning a
meaningful result from a similarity search. In an
additional embodiment of the present invention
provides a system for automatic selection of optimal
sequences or subsequences for comparison against a
predetermined set of known sequences. Optionally, the
system automatically takes a highly fragmented
sequence interspersed with Ns, and selects comparable
subsequences that are likely to return a "meaningful"
result from a similarity search. Optionally, the
system utilizes a sliding window-type algorithm for
selecting subsequences. Subsequently, the system
automatically returns outputs from a similarity search
to the end user that allow probabilistic assignments
of the likelihood that a given set of base calls
correspond to a particular predetermined sequence. In
an additional embodiment of the present invention,
sequence information derived from a base-calling
algorithm, as applied to a microarray hybridization
pattern, is used to identify individual biological
entities present in a test sample. Optionally, the
sequence of target sequences determined by
resequencing probes of the microarray is used to query
a database using a similarity search algorithm.
Similarity search algorithms include, but are not
limited to, commonly used local alignment (e.g.
Smith-Waterman, BLASTN) sequence alignment algorithms
to statistically determine the probability that a
given target sequence corresponds to a specific
sequence in a database record (Korf et al, 2003).
Further, an additional embodiment of the present
invention presents results of the similarity search to
a user regarding whether at least one target sequence
is present in the sample. In another embodiment of the
present invention, signal intensity data (for example,
obtained from a microarray) is handled by the system
and associated with the sequence data. The output of a
similarity search is assembled or distilled for
presentation to a user to communicate whether a
biological entity (including, but not limited to, a
pathogen) is present or not. Further, intensity data
is correlated with the above output to ascribe
relative abundances of a present biological entity
(including, but not limited to, a pathogen).
Optionally, the system provides an end user with an
estimate (quantization) of the relative amount of
pathogen that was detected in a resequencing
microarray assay. Another aspect of the present
invention identifies mixtures of sequences and
sequences indicating a recombination event. In one
embodiment, the system automatically detects
overlapping or homologous sequence fragments on
different tiled regions of a microarray, allowing
inference of a mixture of sequences. In an additional
embodiment, the system determines that the sequence
outputs from different tiled regions are not
overlapping but correspond to a contiguous sequence
that may be used to infer a genetic recombination
event. Optionally, the system discriminates between
mixtures of different and genetic recombination
between different sequences. Another aspect of the
present invention provides a method of designing
"prototype" regions (see U.S. Provisional Application
Serial No. 60/590,931) of resequencing DNA
microarrays. In this case, a set of related target
sequences are compared using a multiple sequence
alignment algorithm such as ClustalW or Clustal_X
(Thompson et al., 1997; Thompson, Higgins & Gibson,
1994) or another method of searching for sequence
databases for partially conserved regions such as
HMMer (Eddy, 1998) the outputs of which are used to
create a consensus sequence comprised of the most
frequent nucleotides at a given residue position in an
alignment column.The consensus sequence consists of a
mixture of consensus base calls and no-calls (Ns)
where no consensus can be achieved for each of the
residue positions in the alignment columns.
Optionally, an embodiment of the present invention
searches for candidate regions to tile onto a
resequencing DNA microarray by determining those
regions having the acceptable balance of conserved and
variable nucleotides to allow hybridization of target
to the resequencing microarray tile region but still
allow for enough sequence variability. This will allow
sequence similarity search-based identification of the
target sequences comprising the alignment used to
generate the consensus. In alternative embodiments,
nucleotide or amino acid sequences come from an
alternate form of sequence generator, including those
described in (Shendure et al., 2004) and partial amino
acid sequences that may be assembled to form a protein
sequence. Selected embodiments of the system handle
amino acid or protein sequence data in which relative
position is conserved. In other selected embodiments,
the nucleotide sequences include a ribonucleic acid
(RNA) transcript that codes for protein synthesis. In
a manner similar to that described for determining
mixtures versus recombination events in target nucleic
acids, a mixture of RNA transcripts can be hybridized
and thus resequenced on a tiled microarray to produce
raw data that can be analyzed using the present
invention to determine relative quantities of
different RNA transcripts as compared to recombination
through transcript editing and alternative splicing
(Leipzig, Pevzner & Heber, 2004). Additional
embodiments of the present invention are applicable to
nucleotides, transcriptional products, amino acids, or
any mixture thereof. Further, the present invention is
also applicable to various types of sequence databases
and similarity search algorithms to the extent that is
well known in the art. Moreover, embodiments of the
present invention are suited or adaptable for a wide
range of methods and/or devices that generate a
sequence data, including, but not limited to, manual
or automated Sanger sequencing, shotgun sequencing,
conventional microarrays, resequencing microarrays,
microelectrophoretic sequencing, sequencing by
hybridization (SBH), Ednian degradation and variants
thereof, Cyclic-array sequencing on amplified
molecules, Cyclic-array sequencing on single
molecules, and non-cyclical, single-molecule,
real-time methods such as nanopore sequencing
(Shendure et al., 2004). The above objects highlight
certain aspects of the invention. Additional objects,
aspects and embodiments of the invention are found in
the following detailed description of the invention.
Other systems, methods, features, and advantages of
the present invention will be or become apparent to
one with skill in the art upon examination of the
following drawings and detailed description. It is
intended that all such additional systems, methods,
features, and advantages be included within this
description, be within the scope of the present
invention, and be protected by the accompanying
claims. BRIEF DESCRIPTION OF THE DRAWINGS A more
complete appreciation of the invention and many of the
attendant advantages thereof will be readily obtained
as the same becomes better understood by reference to
the following Figures in conjunction with the detailed
description below. FIG. 1 shows a graphical
description of the Version 1 Respiratory Pathogen
Microarray (RPMVl). The geometrical distribution of
all tile regions dedicated to each pathogen is
represented by assigned colors (right). The Affymetrix
spike-in controls are at the top of the microarray
(white). Black regions interspersed between tiled
regions did not contain probes.FIG. 2 shows purified
adenovirus 4 prototype (accession number AY594253) DNA
hybridization to RPMVl following nucleic acid
isolation and amplification using either (A)
degenerate primer PCR (Lin et al., 2004) or (B)
GenomiPhi total amplification of target DNA, as
described in Example 1. Degenerate primer PCR (A)
resulted in hybridization of targets within those
tiled regions covered by conserved primer sites. Total
amplification (B) resulted in target hybridization
across the entire Ad4 tile regions. Neither method
resulted in significant crosshybridization across the
microarray. In each case, REPI identified the correct
strain of adenovirus 4 (AY594253) as having achieved
the highest BLAST ("Basic Local Alignment Search
Tool") bit score across all Ad4 tile regions where
amplicons hybridized, except in one case (described in
Example 1). FIG. 3 shows purified adenovirus 5 field
strain (Ad5FS, accession number AY601635) (A, B) and
adenovirus 7 prototype (accession number AY594255) (C,
D) DNA hybridizations to RPMVl following nucleic acid
isolation and amplification using either (A, C)
degenerate primer PCR (Lin et al., 2004) or (B, D)
GenomiPhi total amplification of target DNA as
described in Example 3. Degenerate primer PCR (A, C)
resulted in hybridization of targets within those
tiled regions having conserved primer sites for both
the Ad5FS and the Ad7 prototype. Total amplification
(B, D) resulted in target hybridization across the
entire Ad5 and Ad7 tile regions. Neither method
resulted hi significant cross-hybridization across the
microarray. In each case, REPI identified the correct
strain of adenovirus 5 (Ad5FS, accession number
AY601635) or adenovirus 7 (accession number AY594255)
as having achieved the highest BLAST bit score across
all respective tile regions where amplicons
hybridized. For adenovirus 7, the correct assignment
was also made for the Ad7 prototype on the Ad7 vaccine
tile region, distinguishing it correctly from Ad7
vaccine steam (AY594256) from which the tile region
was derived. Also, it is noteworthy to mention that
the degenerate primer solution used for amplification
of all adenoviruses herein was unintentionally
contaminated with small amounts of Ad4 and Ad7
prototypes (not considered positive for contamination
by real-time PCR). The contaminants did not result in
easily discernible hybridizations (as shown in FIG. 3)
but base calls were made by Genetic Data Analysis
Software (GDAS) (packaged with the microarray reader
form Affymetrix, Santa Clara, CA) and Resequencing
Pathogen Identifier (REPI) assigned all unintentional
base calls to the correct contaminant. The GenomiPhi
solution did not become contaminated, and no base
calls were made on adenovirus tile regions outside of
the Ad5 and Ad7 tile regions in respective
experiments. FIG. 4 shows the results of the
adenovirus 4,5 breakthrough strain as described in
Example 4. An aliquot of purified nucleic acid from
culture of throat swab of a patient with febrile
respiratory illness (who was previously vaccinated
against adenovirus) was amplified using conserved /
degenerate primers as described (Lin et al., 2004) and
otherwise processed according to the standard
Affymetrix CustomSeq protocol. The patient was
diagnosed as Ad4 positive via serotypic antibody
neutralization, and diagnosed as Ad5 positive via a
hexon sequence. The present inventors obtained
multiple target hybridizations, resulting in base
calls on all the adenovirus 5 and adenovirus 7
prototype tile regions. REPI analysis revealed that
the adenovirus was identified with high confidence as
Ad5 (Ad5FS, accession number AY601635), while multiple
Ad7 prototype regions gave evidence of a B subgroup
species other than Ad7, namely Ad2 1. It is noteworthy
again to note that the degenerate primer solution,
used for amplification of all adenoviruses herein was
unintentionally contaminated with small amounts of Ad4
and 



Ad7 prototypes, as in the case shown in FIG. 3. The
contaminants did not result in easily discernible
hybridizations in the Ad4 tiles (as shown in FIG. 4)
but base calls were made by GDAS and REPI assigned all
unintentional base calls to the correct contaminant
(adenovirus 4 prototype; accession number AY594253),
not a field strain that circulates in basic military
training venues. Moreover, the highest bit score
achieved in the Ad7 tiles was not Ad7 prototype
(despite low-level contamination) but adenovirus type
2 1 (Ad 21; AY601633), another member of the Bsubgroup
of adenoviruses represented by the Ad7 prototype
(AY594255). The observation of a mixture of Ad5 and
Ad21 in this sample was confirmed using conventional
DNA sequencing for Ad5, amplicon sequencing for Ad21,
and spotted microarray results (Lin et al., 2004).
Yet, the low-level contaminant of Ad7 prototype was
still detected and distinguished by high bit scores in
a single tile region subsequence. Thus, in this
example, an unanticipated mixed adenovirus sample
comprised of Ad5 and Ad21, inadvertently contaminated
with small amounts of Ad4 and Ad7 prototype (not found
in field samples), was completely resolved. Resolution
of this fine detail would be impossible using other
types of microarrays (i.e. spotted) without
anticipation of such types of events and extensive
probe design effort. FIG. 5 shows the results of
influenza A strain identification as described in
Example 5. Aliquots of a nasal wash from an Influenza
A (+) febrile patient (confirmed by standard viral
cell culturing techniques) who was previously
immunized (using A/Moscow/10/99(H3N2)) - based
vaccine) during the 2003-2004 flu season were
amplified using (A) universal (Hoffmann et al., 2001)
or (B) multiplex (Offringa et al., 2000) RT/PCR
primers, and processed according to the standard
Affymetrix CustomSeq protocol. Because both strategies
produce amplicons of the entire HA, NA, and M genes,
the respective tile regions on the microarrays were
almost completely hybridized in both cases. REPI
output for both cases showed that the highest bit
score for HA3 was obtained for the Fujian/4 11/2002
influenza strain
(ISDN38157_InfluenzaA/Fujian/411/2002_Hemagglutinin_10
42) that evaded vaccine protection during the
2003-2004 flu season. The prototype influenza A HA
sequence used to define the HA3 tile region,
(A/Panama/2007/99/H3N2), was not present in the REPI
output for the base calls on the HA tile. Thus, a
prototype region for an expected strain of influenza A
allowed identification of an unexpected strain. FIG. 6
shows the results of the reduced hybridization time
assay as described in Example 6. In this example, a
nasal wash that was confirmed negative for all targets
probed by the microarray except the erythromycin
resistance markers SPYERMB, SPYERMTR, and SPYMEFAE was
subjected to specific multiplex PCR for each of these
three markers. The amplicons were then hybridized to
separate microarrays for either 16 hours (A) or 15
minutes (B), otherwise being processed in accordance
with the Affymetrix CustomSeq protocol. In comparison,
the signal intensities for the 15-minute hybridization
microarray (B) were lower than those on the control
16-hour microarray (A) (note incomplete hybridization
to the Affymetrix control probes at the top of the
microarray in (B)). However, the REPI output for each
of the three tile regions showed that the highest bit
scores in each region were the same for both (A) and
(B), although both the bit scores and expect values
were lower in the cases of reduced hybridization
times. Similar results were obtained for 30 minute and
1 hour hybridizations, with an increase in the number
of base calls made with increasing hybridization
times. However, this example clearly illustrates the
robustness of the method to make fine scale
discrimination between targets with a range of
different hybridization patterns. FIG. 7 shows the
effects of subtractive hybridization approaches as
described in Example 7. (A) Shows the hybridization
pattern obtained following total amplification of the
isolated nucleic acids from an aliquot of nasal wash
from a patient with febrile respiratory illness at
Lackland AFB. This sample was positive for Ad4 at an
estimated titer of 104 genomic copies per microliter.
The high background hybridization across the
microarray prevents GDAS from making base calls even
though the adenovirus type 4 region showed a
discernibly higher signal than that of the overall
background. Co-hybridizing the same set of total
amplicons obtained in (A) with COT-I fraction human
genomic DNA (B) did little to improve this as again no
base calls were made by GDAS. (C) Shows that the use
of a magnetic bead-based subtraction alone, prior to
total amplification, did not result in a sufficient
number of base calls to allow similarity searching.
However, through the combined use of a
bead-basedsubtraction (Streptavidin-coated beads
conjugated with biotinylated COT-I human DNA) prior to
amplification and co-hybridization with solution phase
COT-I human DNA (D), enough base calls could be made
to unambiguously rank the adenovirus 4 Air Force field
strain (accession number AY599837) highest in each of
three subsequences identified in the Ad4HEXON-l tile
region (D). Moreover, by performing the same set of
combined steps using 2 microliters of starting sample
material instead of 1 microliter (E), base calling was
extended into the Ad4FIBER tile region in addition to
Ad4HEXON-l, allowing unambiguous high bit-score
ranking for an Ad4 field strain in the Ad4HEXON-l
tiles and in several Ad4FIBER subsequences. FIG. 8
shows hybridization of Influenza A targets (Fujian 4
11/2002), spiked into normal nasal wash, following
amplification using a recently-described modification
(Kessler et al., 2004) of a previous (Wang et al.,
2003) protocol for non-biased amplification of viral
RNA genomic targets. FIG. 8 (A-C) show hybridization
patterns for 105, 103, and 10 1plaque-forming unit
(pfu) spike-in amounts, respectively (see Example 9).
These results demonstrate that the efficacy of the
present approach can be retained even when a
non-biased amplification scheme is used. This should
allow extension of the overall approach to preparation
of a multiplicity of unknown RNA targets and for
incorporation of this particular protocol into a
combined method for universal amplification of both
RNA and DNA pathogen targets for the resequencing
microarray. FIG. 9 shows a flowchart representation of
an embodiment of the present invention in which the
RNA and DNA pathways are converged. FIG. 10(a) is an
exemplary flowchart illustrating the process currently
in use by the industry. FIG. 10(b) illustrates an
alternative case often found in practice in the
industry. FIG. 10(c) is a schematic drawing of a
general system layout for interaction with a
comparison database and server. FIG. 10(d) shows an
example of a sequence output from analyzing a
microarray demonstrating poor hybridization. FIG.
1l(a) is an exemplary schematic drawing of an
embodiment of the system. FIG. 1l(b) is an exemplary
schematic drawing of an embodiment of the Resequencing
Pathogen Identifier (REPI). FIG. 1l(c) is an exemplary
screen shot of an interface for an ASP. FIG. 12 is a
flowchart describing the general functionality of the
ASP. FIG. 13 is an exemplary flowchart of a control
check step. FIG. 14(a) is an exemplary flowchart of
the extract subsequence step. FIG. 14(b) is an example
of a sliding window according to one embodiment of the
system. FIG. 15 is an exemplary flowchart describing
in more detail a trim function performed by the
system. FIG. 16 shows an exemplary flowchart detailing
actions in the Check Length step. FIG. 17 shows an
exemplary flowchart of the Calculate Percentage step.
FIG. 18(a) is an exemplary flowchart describing in
more detail the actions of the system within the
Analyze Step. FIG. 18(b) illustrates an exemplary
output of an embodiment of the invention. FIG. 19 is
an exemplary flowchart describing an additional
embodiment of the system. FIG. 20 is a block diagram
of a computer system (or server) upon which an
embodiment of the present invention may be
implemented. FIG. 2 1 is an exemplary flowchart of an
embodiment for distinguishing between a mixture and
arecombination. FIG. 22 is a stylized exemplary
schematic of an embodiment that incorporates intensity
data to provide decision-quality information to a
user. FIG. 23 is an exemplary flowchart illustrating a
method for designing or optimizing a resequencing
microarray. FIG. 24 is an additional exemplary
flowchart illustrating a method for designing or
optimizing a resequencing microarray. FIG. 25 is an
example of a dendrogram. FIG. 26 is an exemplary
graphical representation of a multiple alignment. FIG.
27 is an example of a consensus sequence generated by
a multiple alignment. FIG. 28 is another exemplary
graphical representation of a multiple alignment
including a consensus sequence. FIG. 29 illustrates an
example of a modified consensus sequence. FIG. 30 is
an exemplary output of an embodiment of the present
invention. FIG. 3 1 is an example of simulated
hybridization output according to an embodiment of the
present invention. FIG. 32 illustrates another example
of a consensus sequence. FIG. 33 is an exemplary
flowchart for formatting resequencing array data
according to an embodiment of the present invention.
The components in the drawings are not necessarily to
scale, emphasis instead being placed upon clearly
illustrating the principles of the present invention.
Moreover, in the drawings, like reference numerals
designate corresponding parts throughout the several
views. MODES FOR CARRYING OUT THE INVENTION Unless
specifically defined, all technical and scientific
terms used herein have the same meaning as commonly
understood by a skilled artisan in enzymology,
biochemistry, cellular biology, molecular biology,
bioinformatics, and the medical sciences. AUmethods
and materials similar or equivalent to those described
herein can be used in the practice or testing of the
present invention, with suitable methods and materials
being described herein. In case of conflict, the
present specification, including definitions, will
control. Further, the materials, methods, and examples
are illustrative only and are not intended to be
limiting, unless otherwise specified. It is well known
that DNA microarrays might be used to analyze the
sequence of target nucleic acids from pathogens for
diagnostic or surveillance purposes. The effects of
oligonucleotide probe sequence selection, length,
positioning on surfaces, the physical chemistry of
binding, and labeling techniques, have been the topics
of vigorous research in the past ten years. However,
heretofore, the approaches taken have almost
exclusively involved the use of single oligonucleotide
probes (13-70mers) that are specifically designed to
hybridize to a single recognized pathogen target
sequence with high specificity (13-25mers) or to a
longer stretch of pathogen target with a lesser degree
of specificity (70mers). These microarrays are
commonly known as spotted microarrays, but the same
content of a spotted microarray can also be embodied
in other forms besides two-dimensional planar
surfaces, one example being "bead arrays" (Ferguson,
Steemers & Walt, 2000). There have been many fewer
descriptions of pathogen identification and
characterization using Affymetrixresequencing
microarrays. Kozal (Kozal et al., 1996) measured
mutational drift in HIV and Gingeras (Gingeras et al.,
1998; Gingeras et al., 2001), and Troesch (Troesch et
al., 1999) identified mycobacterial species and Single
Nucleotide Polymorphisms (SNPs) relating to antibiotic
resistance using resequencing arrays. Wilson et al.
(Wilson et al., 2002a) used the same types of arrays
for bacterial identification using ribosomal RNA and
for detection of 



multiple biowarfare agents (Wilson et al., 2002b). The
use of resequencing microarrays for simultaneous
pathogen identification and surveillance has
fundamental advantages over single oligonucleotide
approaches because detailed target sequence
information becomes directly available as part of the
raw microarray data. By definition, spotted
microarrays having 102 to 104 oligonucleotide probes
are incapable of resolving subtle sequence variations
for more than 10 - 1000 base pairs of total target
sequence, even if the array were designed with a
tiling strategy. Thus, spotted oligonucleotide
microarrays that facilitate identification of a broad
spectrum of pathogens at an individual strain or SNP
level (Cherkasova et al., 2003; Wang et al., 2002;
Wang et al., 2003) require that the pathogen target
sequence be determined using conventional DNA
sequencing technology, requiring specialized
equipment, personnel, and time periods of several
days. Accordingly, the present invention generally
relates to the detection and identification of
bacterial, viral and protozoan pathogens and virulence
markers using DNA microarray technology. The present
invention also relates to the design, test, and
analysis of resequencing microarrays having defined
regions that can be used to assign numeric detection
probabilities for a large number of specific pathogen
genotypes and mixtures of pathogens. Furthermore, it
relates to methods required for the processing of both
simple and complex (e.g. clinical and environmental)
samples for said microarrays. More specifically, the
present invention relates to the use of high plurality
resequencing microarrays as a novel class of devices
for purposes that would include diagnosis of
infectious disease agents and pathogen surveillance.
In particular, it pertains to DNA microarrays that
employ a large number (hundreds to thousands) of
selected "prototype" nucleic acid sequence regions
(typically 250-2000 base pairs each) from target
genomic sequences to detect and identify a
logarithmically larger number (thousands to tens of
thousands) of both unrelated and closely related
(strain level) microbial pathogens. More particularly,
the invention relates to the design of microarrays
fabricated to allow a resequencing of the target
nucleic acids using a "tiled" probe approach. Yet even
more particularly, the invention concerns the design
of Affymetrix resequencing microarrays using tiled
probes that will allow for analysis of up to 105 to
106 base pairs of target sequence. In a particular
embodiment, the present invention provides a method
for simultaneously assaying for a large number of
pathogens by detecting their nucleic acid sequences
and subjecting the detected sequences to an automated
similarity search against public domain and private
databases. This object is accomplished by a nonobvious
adaptation of a commercial technology (Affymetrix
CustomSeq(tm)). The program employed, CustomSeq(tm),
was designed for detection of Single Nucleotide
Polymorphisms (SNPs) by resequencing target DNA. This
so-called SNP-detection calls for: (1) an error rate
in base calling that is much lower than the naturally
occurring frequency of mutation (in humans
approximately ( 1 per 108 base pairs), (2)
amplification of the purified starting material, at a
concentration of 106 genomic copies/ microliter, prior
to microarray hybridization using specific PCR
primers, and (3) combination and processing multiple
chips for replicate samples by an algorithm that
restricts base calls to those having a degree of
confidence at which the presence of low frequency SNPs
can be deduced. The present inventors demonstrate that
Affymetrix resequencing technology can be adapted for
insertion into an integrated system for high
multiplicity infectious disease diagnostics and
pathogen surveillance in a timescale and level of
sample preparation complexity that are enabling for
point-of-care diagnostics applications. This system is
substantively different from the intended use of the
Affymetrix technology, and is not obvious to the
typical skilled practitioner of microarray technology.
At present, there have been few, but relevant
literature descriptions of application of Affymetrix
resequencing technology to pathogen identification.
From the design, experimental, and analysis
standpoints, the present invention has substantive
advantages over the prior art in pathogen
characterization using resequencing. Kozal (Kozal et
al., 1996) measured mutational drift in HIV and
Gingeras (Gingeras et al., 1998; Gingeras et al.,
2001), and Troesch (Troesch et al., 1999) identified
mycobacterial species and SNPs relating to antibiotic
resistance using resequencing arrays. In each of these
cases, optimized sequences were selected for tiling,
based on alignments of the possible target sequences.
Specific PCR primers were designed to amplify targets
for hybridization. Unknown clinical isolate
identifications were made using pattern recognition
algorithms based on empirically determined
differential hybridization patterns to the arrays. As
such, this approach would depend on the amplification
and hybridization of the full length of the target
sequences, and would not be amenable to: (1)
contributions of confounding non-specific binding
resulting in lost base calls, (2) incomplete
hybridization across the length of the target due to
low target concentration or gaps caused by low
homology, and (3) compromised hybridization integrity
caused by non-biased (total) amplification of unknown
target sequences from a clinical or environmental
sample. The method proffered by the present inventors
does not share the same limitations as those disclosed
in the prior art using resequencing microarrays.
Moreover, technology enablements for at least one
intended use, namely the simultaneous detection of a
large number of diverse pathogen species, have only
recently occurred with the introduction of Affymetrix
microarrays (18 x 18 micron features) for
CustomSeq(tm) RPMVl chip and higher density (8 x 8
micron features) for Respiratory Microarray Version 2
(RPMV2), allowing 29.7 kb and 300 kb, respectively, to
be tiled for resequencing. However, the most
significant improvement offered by the present
invention is the use of the increased density chips
with sequence length-independent similarity searches
(BLASTN), which affords that many fewer assumptions
must be made in advance of selecting sequences for
tiling. Furthermore, the use of lengthindependent
similarity searches (BLASTN) removes the constraint
that a particular known subsequence be fully
resequenced, making the approach more resistant to
variations in target concentration and contributions
from nonspecific binding leading to lost base calls.
Thus, in the present invention, sequences selected for
tiling are "prototypes" in the sense that a single
gene or subsequence may represent a much broader class
of organism species and subspecies (alternatively
types, strains, variants, or mutants). The resulting
method is robust with respect to minor variations in
the genotypes of individual pathogens and strains, and
enables detection and probable identification among a
plurality of candidate pathogens that may not be
explicitly represented in the design of the
experimental chip layout, including the tiled regions.
The chip layout also takes advantage of partially
redundant tile sets (these were discouraged by the
manufacturer's design guidelines and by the
manufacturer during design), both intragenic and
intergenic variation within a single pathogen strain,
and between multiple similar or diverse pathogen
types. However, the present inventors have determined
that the redundancy is important to elevate confidence
in results and to minimize likelihood of false
positive and false negative results. Advantages of
this design/analysis approach will permit
incorporation of both conserved and hyper-variable
regions of genomes, facilitating group, type, and
strain level identification. There are only a few
literature reports describing generic amplification
strategies for microarray analysis ofmicrobial
pathogens. Wang et al. (Wang et al., 2002) described a
multi-step process for amplification of RNA pathogen
targets followed by sequential PCR and Klenow
fragment-based amplifications, prior to hybridization
on 70mer oligonucleotide arrays. The time and/or
number of technical steps required for this
amplification were not specified but a subsequent
paper from the same group (Wang et al., 2003) reported
it to be approximately 24 hours. It was also not
specified which of the amplification steps resulted in
enhanced detection efficiency. A recent report from
our group (Vora et al., 2004) describes a variety of
nonspecific nucleic acid amplification techniques,
individually and in combination, for hybridization to
70mer oligonucleotide arrays. There are no known
reports of prior art in the area of nonspecific
amplification of DNA targets, either purified or in a
complex mixture (e.g. clinical sample), for
hybridization to a resequencing microarray. The
present invention generally advances the art of
generic amplification for pathogen detection by
microarrays in several ways: (1) it details specific
methods for total amplification of purified or highly
enriched pathogen nucleic acids for presentation to a
high density short (25mer) Affymetrix resequencing
array, which is neither previously described nor
obvious, since the methods are a large departure from
the prescribed Affymetrix protocols, and (2) it
describes novel alternative approaches to the use of
enzymatic processes, competitive hybridizations, and
magnetic bead-based subtractive and enrichment steps
to reduce background and subsequent non-biased (i.e.
total) amplification and microarray hybridization. The
present invention is embodied by a specific set of
design and processing methods that enable broadscale
pathogen identification and characterization by
utilizing resequencing microarrays. Specifically, the
present invention allows for the precise, sensitive,
and high confidence identification of a large
multiplicity (thousands) of pathogens in a single
assay. In an embodiment of the present invention is a
resequencing DNA microarray chip of multiple groups of
oligonucleotide primers of a length ranging from 13 to
70 nucleotides (preferably 25 nucleotides, although it
is possible and is within the scope of the present
invention to use primer lengths corresponding to each
integer value within this recited range) immobilized
to a solid phase support, wherein each group of
oligonucleotide primers is selected to span a
particular region of the reference sequence, occupying
a discrete area of the array (e.g. a tile), and
comprising at least four sets of primers arranged in a
parallel fashion on the chip: 1) a first set that is
exactly complementary to the reference sequence; and
2) three additional sets of primers, each of which is
identical to the first set of primers but for the
nucleotide at a central position, which is different
in each of the three sets such that all four
conventional nucleotide bases are present on said
array. The present invention further provides methods
for processing complex clinical samples (e.g. nasal
wash) requiring minimal nucleic acid
isolation/amplification step(s). The present invention
is distinct from the overwhelming majority of
microarray-based pathogen detection schemes because it
uses high-density "tiled" microarrays to determine the
actual sequences of pathogen genetic targets. It is
further unique from other resequencing pathogen
identification strategies in a number of important
areas, including incorporation of: (1) a high
multiplicity of disparate pathogen "prototype" target
regions that exhibit little or no discernible
cross-hybridization or interference with one another,
(2) a high sequence redundancy within closely related
pathogens that allows higher confidence identification
of specific strain (e.g. adenoviruses or influenza
viruses), (3) "prototype" regions of large tiled
segments representative of a class of pathogens
allowing for the precise identification of specific
pathogen strains and the use of specially-designed
software to parse and arrange sequence fragments for
presentation to similarity search (e.g. BLAST)
algorithms, allowing discrimination of pathogen
mixtures and recombination events between pathogens,
instead of the more restrictive tile selectionsand
differential algorithm described in the most
closely-related prior art (US Patent 6,228,575), (4)
minimallybiased nucleic acid amplification strategies
that allow precise, high-confidence pathogen target
resequencing without significant interference or
cross-hybridization, and (5) sample processing
methodologies that allow the resequencing array to be
used in conjunction with minimally-biased nucleic acid
amplification strategies on complex clinical samples.
The combination of these methods allows the
simultaneous detection and identification of a high
multiplicity of pathogen(s) from a clinical sample by
a single qualified technician within a period of 24
hours, but preferably within 4 hours, more preferably
with 2 hours, most preferably within 30 minutes.
Accordingly, owing to its embodiments, the present
invention supports: (a) routine diagnosis of infection
in a clinical setting within several hours of sample
collection, (b) simultaneous interrogation of the
sample for indications of a rare infectious event
(e.g. unanticipated pathogen, antibiotic resistance
pattern or biological warfare 



agent), (c) routine molecular pathogen surveillance,
(d) vaccine quality control and (e) monitoring of
genetic changes of a pathogen as a result of natural
genetic variations, drug treatment, intentional
manipulation, or other events. Hish-densitv
resequencing microarrays High-density microarrays
(HDMs) are fabricated by light-directed combinatorial
synthesis of DNA oligomers (Kozal et al., 1996). The
DNA oligomers synthesized on these sites typically
have lengths of 20-30 bases. Through subsequent
improvements to the method using high-resolution
semiconductor photoresists, Affymetrix has
demonstrated fabrication of HDMs having individual
features with resolutions approaching 1 mm2, enabling
probe feature densities of 10-100 times greater than
mat demonstrated in the RPMVl. To date, HDM designs
relevant to pathogen identification have been based on
a "tiling" strategy. Accordingly, four probes of equal
length are synthesized for each base in both the sense
and antisense directions, requiring that a total of
eight 25-mer probes are used for each base pair in a
given reference sequence. One probe in each direction
(sense and antisense) exactly complements the
reference sequence while three others have a single
base mismatch at the position of the interrogated
base. Thus, a tiled HDM can effectively allow the
target nucleic acid to be "resequenced". In this
manner, the base calls of the unknown target are
interrogated at each of one of four possible base
positions (one of every four possible base pairings
varied at the number 13 position in the tiled 25mer
probes), allowing a direct read of the target sequence
from the corresponding positions across the array. In
the case of CustomSeq arrays, the GCOS (Version 1.1)
software is used to reduce the raw image (.DAT) file
to a simplified file format (.CEL file) with
intensities assigned to each of the corresponding
probe positions. Finally, the GDAS (Version 2.0)
software is used to apply an embedded version of the
ABACUS (Cutler et al., 2001) algorithm to produce an
estimate of the correct base calls, comparing the
respective intensities for the sense and antisense
probe sets. One of the available export file types
from GDAS is the FASTA-formatted base calls made for
each tiled region of the resequencing array. HDMs of
the type described above have been used to identify
pathogen species and detect drug resistanceconferring
mutations in a series of in vitro experiments using
cultured microorganisms, including HIV (Kozal et al.,
1996). Troesch et al. (Troesch et al., 1999) designed
HDMs to discriminate between 54 different to detect
Mycobacterium species and Mycobacterium tuberculosis
rifampin resistance. A tiled array of 65,000 oligomer
probes was used to accurately resequence 70 clinical
isolates of 27 mycobacterial species and 15
rifampin-resistantM. tuberculosis strains. More
recently, sequence-specific identification of F.
tularensis and Y. pestis was demonstrated in
environmental samples using tiled HDMs (Wilson et al.,
2002b). Both of these general approaches rely on
specific hybridization patterns based on ground-truth
(control) measurements. Moreover, the authors have
provided no direction on how a quantitative comparison
might be made against closely-related or unanticipated
organisms for starting concentrations that may vary by
six orders of magnitude. Array types The present
invention is developed using Affymetrix CustomSeq
resequencing microarrays. For a discussion of
resequencing microarrays, the artisan is directed to
U.S. 6,228,575. However, the present invention is not
conceptually limited to microarrays produced using
that specific fabrication strategy. In principle,
resequencing can be performed on the scale described
with any technology that is capable of producing
microarrays with sufficient feature density to allow
this approach. Theoretically this can be accomplished
using an oligonucleotide printing technology, but it
is more likely accomplished using a photolithographic
approach. Whereas the Affymetrix resequencing chips
are based on sequential lithographic steps using a
separate mask that corresponds to each step, an
alternative approach could use maskless lithography
(Albert et al., 2003; Nuwaysir et al., 2002) or by
nanolithographic methods (Ginger, Zhang & Mirkin,
2004). More generally, any method of producing a
plurality of oligonucleotide probes for the purpose of
determining target sequence would be applicable, even
bead "arrays" that are not in a 2-dimensional format
(Ferguson et al., 2000). The probes themselves could
be comprised of variants of DNA, namely RNA or
oligomeric peptidenucleic acids (PNA). The probes can
be made sensitive to enzyme digestion, then subject to
subsequent handling. In a preferred embodiment, the
probes will incorporate dUTP instead of dTTP, making
them sensitive to uracil- DNA-glycosylase. This will
make them amenable to selective degradation following
the capture of target. Moreover, within the scope of
the present invention it is also possible to
immobilize RNA and obtain complementary sequence
recognition thereof. Immobilization of RNA would
require chemical stabilization of the RNA. In a more
general sense, the probes can be made from chemically
modified nucleic acids that would make them more or
less susceptible to subsequent chemical processing
steps. Array design This present invention, using the
RPMVl microarray, illustrates the ability of tiled
prototype sequences to identify a wide variety of
specific pathogen strains without assuming that
specific hybridization patterns are required for
specific pathogen identification. In the current
apparatus, the prototypes for tiled regions,
particularly those for adenoviruses 4, 5, and 7, were
empirically chosen to be representative of adenovirus
subgroups E, C, and B, respectively. A more preferred
and systematic approach to the design would involve
the use of multiple sequence alignments to produce
consensus sequences, where consensus sequences are
defined as those representing the most frequent bases
at the alignment position. In a preferred embodiment,
the alignment algorithm will produce a hierarchical
phylogenetic tree for target gene sequences from
individual pathogen strains or for a group or family
of pathogens. A consensus sequence will first be
formed for members of each node or group of nodes on
the tree, whose distance measures fall within a
threshold, using an appropriate algorithm (Lee, 2003).
The actual target sequences would then be compared
individually to the consensus sequence, and the
effects of hybridization to a tiled microarray region
defined by the consensus sequence would be simulated.
Known effects such as insertion ordeletion of bases,
as well as the effects of multiple base substitutions
within an oligonucleotide probe region would define
rules for the simulated hybridization. Subsequent
analysis of the resultant hybridization and base call
pattern would then indicate the suitability of a
proposed tile for acting as a prototype for a given
range of pathogens. This process would be reiterated
until the most suitable set of prototype regions were
defined for coverage of a given set of pathogens. In
one very preferred embodiment, this process would be
used to maximize the efficiency of space usage on a
chip, resulting in the greatest reduction in the
overall physical dimensions of a resequencing
microarray, and thus, the greatest reduction in
manufacture cost per microarray. In one preferred
embodiment, the resequencing array would be designed
in combination with another less complex solid phase
capture device (array, gel, or otherwise) that that
would be used initially to queue the resequencing
array. For example, an array comprised of a
multiplicity of long oligonucleotide probes would be
used initially for the detection of pathogen by
recognizing conserved sequences within a family of
pathogens. The resequencing array could then be used
to interrogate variable regions associated with the
conserved probes on the initial array, providing
detailed sequence information on the pathogen. In a
very preferred embodiment, the sample preparation
would be common for both the solid phase capture
device and the resequencing microarray. In yet another
very preferred embodiment, the initial array would be
used to capture target that would be isolated and then
amplified using non-biased amplification techniques
for presentation to the resequencing array. Overall
design philosophy for the intended use This invention
leverages pathogen genome information from various
public and/or private sources to design, fabricate,
evaluate, validate and integrate an advanced
diagnostics platform as part of an effective
biodefense surveillance and operational medicine
system. It is an integral facet of the Epidemic
Outbreak Surveillance (EOS) program biodefense model
that the system would most effectively be enabled
through the adoption of a widely distributed device
that would find utility in routine diagnostics of
infectious diseases, most particularly in diagnosis of
infectious respiratory disease (see the Defense
Sciences Board Summer 2000 Study Report and the Health
Sciences Biodefense System (HSBS) final briefing). It
is important that the device (e.g. microarray) will
provide a cost-effective alternative to conventional
approaches to the diagnosis, management, and
surveillance of infectious diseases, most particularly
respiratory infections. It is equally important that
the device is supported with design and analysis
informatics, and to ensure that decision quality
information from that device will be transmissible and
interpretable by a variety of care providers, public
health officials, and decision makers. Thus, it is a
critical objective of this invention that the device
(e.g. microarray) be a key component of an integrated
system comprised of a local point-of-care diagnostic
device that provides automated, two-way data sharing
between health care providers, public health
officials, and decision makers (this a maybe a
cross-reference to the business model patent that is
in the queue). The invention described herein might
fulfill this role in at least two ways: (1) through
reduction in array size (i.e. lower cost), process
automation, and the availability of portable hardware
for processing resequencing arrays, the invention
could become the object of the point-of-care device
itself, and (2) in the event of lower-cost or easily
automated microarray alternatives, the resequencing
array can be a higher echelon component in a
diagnostics/surveillance pipeline. In the latter case,
the lower-cost alternative device will provide for
initial sample processing, pathogen target enrichment,
amplification, decision information at the
point-of-care, while the resequencing capability
provides for a sequential testing capability by
facilitating a more detailed interrogation of the
sample when desired.General strategy for resequencim
microarrav chip desisn According to the present
invention, the process of designing resequencing
microarray chips is carried out by selecting pathogen
genomic sequences having sequence properties that make
them unique to a small number (ideally one) of
pathogens, or are highly conserved, allowing them to
detect many types of microbial species at the family
or genus level, or are moderately conserved and
selected as "prototype" regions. Prototype regions
will have an intermediate level of sequence homology
across a group of microbial species and allow for both
efficient hybridization and unique identification of
most or all of a subtype of pathogenic species. The
design strategy for layout of resequencing tiles
includes leveraging from alignment of similar
sequences and application of a consensus probe
sequence for tiling to the chip. The consensus
sequence might not be identical to any of selected
pathogens, but will interact with a plurality of
similar pathogen genomes. The patterns of perfect and
imperfect matching of real pathogen genome sequences
with the consensus sequence will provide diagnostic
discrimination power. In a particular embodiment of
the present invention is a general protocol for
designing resequencing microarray chips that permit
the identification and designation of pathogens
present in a sample (e.g., a partially purified
sample, a purified sample, an enriched sample, a
biological sample, etc.). The various aspects of this
design and validation protocol are embodied in the
following 6 "phases." Phase 1: Pathogen
Identification: a. Pathogen list (e.g. Adenovirus;
Influenza; Streptococcuspyogenes) -provided by
pathogen experts or public domain b. Genus/species
(new pathogen i.e. Severe acute respiratory syndrome
(SARS) variant of corona virus) c. Species/subspecies
(Epidemiologic tracking; forensics) d. Pathogen unique
segments (cross hybridization issues) e. Issues of
genetic shift/drift (e.g. Influenza, HIV) 



f. Drug resistance markers g. Pathogenicity-related
genes or virulence markers (useful for diagnostic and
prognostic purposes) h. Markers for genetically
engineered traits i. Plasmid DNA sequence (Bluescript,
PUC etc.) i. Multiple cloning sites ii. Drug
resistance markers (ampicillin, kanamycin, penicillin
etc.) (or could list as : Amp, Kan, PBP, etc.) iii.
Toxins (botulinum; ricin etc) Phase 2: Pathogen
identification in relation to sample sources: a.
Common respiratory pathogens (and close relatives) b.
Biothreat agents: (identified by Centers for Disease
Control) c. Consideration of background or commensal
organisms in: i. Clinical samples (nasal wash, swab,
stool, etc.) ii. Vectors (e.g. mosquito) iii.
Environment (water, food, soil)Phase 3: Gene
Identification: (Most complicated issue associated
with pathogen design) a. Sequence Homology (relative
to pathogen identity) a. Highly conserved
(Genus/Species identification) Identification of novel
or unanticipated) i. Identify new/ unanticipated
organisms 1. chimeras (bacterial genetic exchange) 2.
genetic shift/drift variants (i.e. Influenza) 3.
man-made ii. Distinguish complicated pathogen families
1. Rhinovirus (many disparate variants) b . Less
conserved to hypervariable (Species/subspecies) c.
Pathogen-unique sequence segments (cross
hybridization) i. Potentially important for a total
amplification approach b. Functional Sequences
(relative to pathogenicity and patient management) a.
Drag Resistance genes in commensal microbes b .
Pathogenicity related genes i. Toxin genes ii.
Transmission (Infectivity) related genes iii.
Pathogenicity islands iv. Virulence factors c. Other
Host-pathogen interacting genes i. Immune response ii.
Tumorogenesis iii. DNA repair Phase 4: Gene Selection
(What sequences should actually be placed on the chip)
a. Identify Gene Accession Number(s) a. Complete gene
b . Pathogen genome for flanking sequences (Controls)
c. Most recent/prevalent variants available i.
Especially important for rapidly evolving pathogens
(Influenza) b. BLAST search: (Inclusion/Exclusion
criteria) a. Human sequence homology (exclusion
criteria) b . Related pathogen sequences i. Possible
exclusion/annotation criteria ii. If > 90% homology,
sequence needs only to be deposited once 1. Use
consensus sequence for identity and annotate as such
iii. Identify pathogen specific genes/ sequences c.
Pragmatic Issues a. Horizontal gene transfer issues in
bacteria b. Number of copies of gene in pathogenc.
Sequence homology with human sequence (cross
hybridization) d. Sequence homology with less
pathogenic species (i.e. Bacillus; variola [pox])
Phase 5: RPM chip prioritization a. Define chip "real
estate" (total sequences represented) a. Target gene
tile sizes i. Associate accession numbers with tiles
ii. Associate accession numbers with consensus
sequences b. Refer to primary objectives for
prioritization criteria. Key issue include: a.
Prevalence of pathogen depending on targeted
population, geographic location, season, and other
disease transmission factors b. Clinical, operational,
and public health relevance c. Chip functionality
issues: i. Mixed pathogens ii. Data annotation and
presentation to end-user Phase 6. Microarray
Validation: a. Design controls a. Nested primers sets:
i. Outer primer set: Develop controls ii. Inner primer
set. Assay positive control iii. Control and RPM
sequence should be 100% sequence match b. Control
clones developed c. Control clones sequence validated
for match. b. Develop pathogen chip annotation schema:
a. Sites of poor hybridization i. Poor signal ii.
Incorrect signal b. Sites of cross hybridization i.
Human cross hybridization ii. Other pathogens
(especially bioterrorism agents and toxins) c. Level
of specificity of sequence i. Markers that can
identify subspecies/variants 1. Forms the basis of a
forensics database ii. Markers that can identify genus
or species only iii. Identification of new variant
markers as discovered c. Chip Validation Experimental
Framework: a. Human hybridization to detect cross
hybridization regions b. Plasmid-based validation
schema: i. Titrate plasmid for PCR sensitivity ii.
Titrate for RPM detection sensitivityiii. Estimate
base-calling accuracy with varied concentrations 1.
Annotate any errors c. Culture-based validation schema
i. Titration of virus 1. Efficiency of nucleic acid
isolation 2. Chip hybridization
sensitivity/specificity a. Total amplification
sensitivity/specificity b. PCR comparison 3. Chip
hybridization sensitivity from titrated culture 4.
Sequence validation of culture sequence d. Spiked
pathogens into complex media i. Titration of virus
into solution ii. Hybridization to chip (background
interference) iii. Sequence validation of virus if
different than culture pathogen e. Estimation of
target concentration from complex matrices. i. Nasal
wash ii. Cotton swab 1. Nasal swab 2. Throat swab iii.
Stabilization of virus in solution 1. Nasal wash 2.
Swabs iv. Freeze/thaw effects of virus solution v.
Sequence validation of target pathogen The following
table (Table 1) represents a preferred (but not
limiting) set of pathogens (both viral and bacterial)
that may be used within the context of the present
invention as designed for the detection and diagnosis
of common respiratory pathogens: Table 1 Microarray
Pathogens Viral Pathogens Bacterial Pathogens
Adenovirus (Serotypes/Genus level)
Streptococcuspyogenes (emm types/resistance) Influenza
A and B (stains) Mycoplasmapneumoniae Coronavirus/SARS
Bordetella pertussis Parainfluenza 1,2,3,4 Chlamydia
pneumoniaeRespiratory Syncitial Virus Streptococcus
pneumoniae Metapneumovirus Legionella (genus level)
Rhinoviruses Moraxella catarrhalis Coxsackie virus
Haemophilus influenza 



Echoviruses Neisseria meningitidis West Nile Virus
Mycobacterium tuberculosis Varicella (HHV-3)
Staphylococcus aureus Hantaviruses Arcanobacterium
hemolyticum Rubella, Rubeola Chlamydia psittaci Herpes
simplex types 1 and 2 Enteroviruses (mumps, polio)
Parvovirus For the intended use of a broadly
distributed respiratory diagnostic device with
built-in surveillance capability for agents of
bioterrorism, the list of pathogens chosen for
inclusion onto the chip would also include those
selected from the U.S. Centers for Disease Control
(CDC) Category A, B, and C bioterrorism agents. These
are most notably, but not limited to, include: CDC
Category A Bacillus anthracis (targets: lethal factor,
protective antigen) Yersiniapestis Smallpox (variola
major) Francisella tularensis Viral hemorrhagic fevers
(filoviruses [e.g. Ebola, Marburg] and arenaviruses
[e.g. Lassa, Machupo] CDC Category B Brucella abortus
(2308 B37), Brucella melitensis (F6145), Brucella suis
(A44) Burkholderia mallei (Glanders) Burkholderia
pseudomallei (Meliodosis)Psittacosis {Chlamydia
psittaci) Typhus fever {Rickettsia prowazekii) Viral
encephalitis (alphaviruses [e.g., Venezuelan equine
encephalitis, eastern equine encephalitis, western
equine encephalitis]) CDC Category C Emerging
infectious diseases such as Nipah virus and hantavirus
A complete and updated listing of these agents may be
found on the CDC website (http://www.cdc.gov/). For
purposes of illustration of the present invention, two
resequencing microarray chips (RPMVl and RPMV2) will
be described herein below: Resequencing respiratory
pathogen microarray version 1 (RPMVl chip) RPMVl was
made using a high-density Affymetrix microarray
fabrication process having an individual probe feature
size of 18 x 18 microns. At this density, 29.7 kb of
total pathogen target sequence was tiled for
resequencing. The fabrication was performed as part of
a pre-production beta-test of an Affymetrix commercial
product (CustomSeq) that was intended for SNP
detection in an arbitrary collection of sequences. The
following overall design strategy was used for the
RPMVl: The Affymetrix CustomSeq design protocol was
followed. While there were a variety of ongoing
efforts within the project consortium to non-specif
cally amplify targets for microarray analysis, the
present inventors made every effort to tile sequences
on the array that could interrogate conventional
(specific primer pair) PCR amplicons. Whenever
possible, primer pairs were developed or adapted for
conserved sequences that flanked the variable regions
to be interrogated with tiled microarray probe sets.
This allowed for the ability to: (1) directly amplify
with an existing hardware platform (e.g. RAPID Light
Cycler, Idaho Technologies), (2) provide control
measurements for comparison with generic or total
amplification strategies that are on the immediate
horizon. In general, our strategy was to match the
hybridization patterns with specific strains of
organisms and to detect subtle variations in sequence
that corresponds to pathogenicity and drug resistance.
Adenovirus (double-stranded DNA virus) types 4, 5, and
7 were designated as "prototypes" for the E, C and B
subgroups, respectively. Specifically, the present
inventors postulated that resequencing on the
prototypetiled regions would allow detection and
identification of subtle sequence variations between
the subgroup members. Three target gene regions were
selected, specifically from ElA, hexon, and fiber
genes. However, it was not postulated nor anticipated
which regions or which sections of any of the tiles
would allow unique identification. Thirteen adenovirus
genomes were completely sequenced as part of the
Epidemic Outbreak Surveillance program. The names,
accession numbers, and sources for these are listed in
Table 6 of the Examples section. Multiple sequence
alignments were performed to determine variable
regions of the ElA, hexon, and fiber genes that were
flanked by conserved regions that could be used to
amplify multiple adenoviruses with a single set of
degenerate primers (Lin et al, 2004). These common
regions for ElA, hexon, and fiber genes were obtained
for each of the 3 prototype adenoviruses that are
associated with respiratory illness: 7 (subgroup B), 5
(subgroup C), and 4 (subgroup E) were submitted to
Affymetrix as part of the 29.7 kb total pathogen
target sequence for tiling on the RPMVl
microarray.Adenovirus Taxonomy: Sub-Group B: 3, 7, 11,
14, 21, 34, 35 and 50 Sub-Group C: 1, 2, 5, and 6
Sub-Group E: 4 The present inventors made the
hypothesis that if they tiled three genes (ElA, Fiber
and Hexon) on the array for prototype sub-group
representatives, types 7, 5, and 4 (for subgroups B,
C, and E, respectively), they would be able to
identify any of the fully-sequenced types (listed
above) by variations in the hybridization patterns
that map to their sequence differences. Influenza A
and B viruses, which are negative-polarity single
stranded RNA viruses (ssRNA), were represented with
prototype regions for heniagglutrnin (HA)
neuraminidase (NA) and matrix (M). These genes were
represented for three types of Influenza A (HlNl, H3N2
and H5N1) and Influenza B. Influenza is one of the
best examples of a prototype model system, as
hundreds, if not thousands of influenza strains have
been at least partially sequenced, and most have been
sequenced for the hemagglutinin and neuraminidase
segments. Prototype Influenza HA, NA and M genes were
chosen from strains that were either identical of
closely related to the three vaccine strains
recommended for the Northern hemisphere by the World
Health Organization;  A/New Caledonia/20/99/(HlNl)
A/Moscow/10/99/(H3N2)  B/HongKong/330/2001 These
sequences were publicly available from the Los Alamos
National Laboratory influenza Internet database. The
present inventors postulated that the sequence calls
made for unknown Influenza A or B on the prototype
tile regions would allow the identification of that
target if it was sufficiently similar to allow
similarity search-based querying. The remainder of
RPMVl was populated with tiles for a variety of common
respiratory pathogens, the first set being viruses:
Rhinovirus A (pos)SSRNA Rhinovirus B (pos)SSRNA
Coronavirus (pos)SSRNA; no DNA stage Parainfluenza
(neg)SSRNA RSV (neg)SSRNA These viral pathogens had
relatively little sequence available compared to
adenovirus and influenza, complicating efforts to
perform analogous tests for use of prototype sequences
to identify a large number of related strains. Common
bacterial pathogens were also chosen: Streptococcus
pyogenes Mycoplasma pneumoniae Bordetella pertussis
Chlamydia pneumoniaeStreptococcus pneumoniae Neisseria
meningitidis In addition, the following
plasmid-conferred antibiotic resistance genes were
represented on the RPMVl chip: ertnh errriB OTiTR
macrolide-efflux determinant (mef)A The following
biological threat agents were also included on the
RPMVl chip: Bacillus anthracis (targets: lethal
factor, protective antigen) Yersinia pestis Smallpox
(variola major) Francisella tularensis Viral
hemorrhagic fevers (filoviruses [e.g. Ebola, Marburg]
and arenaviruses [e.g. Lassa, Machupo]) In addition to
the hybridization controls prescribed by Affymetrix
(see CustomSeq protocol), it was considered necessary
to include internal process controls to verify target
isolation, reverse transcription (RT) and cDNA/DNA
amplification. Thus, we included a specialized vector
containing gene inserts from the plant Arabidopsis
thaliana (Yang et al., 2002) and provided tile regions
on the array for several genes inserts from that
vector. For all targets other than adenovirus and
influenza, the present inventors selected targets from
the open literature (e.g., NCBI GenBank) for genes
containing diagnostic (via PCR) regions and tiled that
diagnostic region or a larger coding region containing
that region. The full listing of all target genes, PCR
primer sites, and primers for the RPMVl are shown in
Table 8 {infra) and the attached Sequence Listing. The
sequences submitted for tiling and chip fabrication
are summarized in Table 7 (infi-a) and the attached
Sequence Listing. However, the present invention is
not limited to the specific sequences and/or
microorganisms (bacteria or virus) listed above. It is
well within the purview of the skilled artisan to
tailor the "pathogen chip" to meet the particular
requirements of the intended field test. Such
tailoring may be on a gene-level or on a microorganism
level. Clearly, the artisan would be greatly assisted
in the efforts by the general protocol above.
Resequencins tnicroarrav chip version 2 CRPMV2 chip)
RPMV2 is built on a high-density Affymetrix microarray
having an intended feature size of 8 x 8 microns. At
this density, approximately 300 kb of target sequence
information may be tiled for resequencing. The general
layout strategy described in Tables 2-4 (infra). The
RPM V2 design allowed for roughly 10 times the
sequence content of the RPMVl, and thus allowed
inclusion of a large number of pathogens, which 



included expanded representations of all the pathogens
present on the RPMVl, numerous other respiratory
pathogens, and virtually the entire set of CDC
Category A, B, and C bioterrorism agents. The full
listing of the RPMV2 content is provided in Example 8.
The RPMV2 design expanded molecular epidemiology
capability by enabling inclusion of probes, such as
the emm types for Streptococcus pyogenes. This feature
will provide theepidemiologist/public health
professional an ability to determine a likely index
disease case and to study transmission of the typed
pathogen in enclosed populations (jails, dormitories,
nursing homes, military barracks, etc.)- These probes
may also predict pathogen virulence and clinical
presentation of disease in the population. The number
of pathogens represented can also be expanded with
increasing probes per unit area of microarray. The
chips of the present invention take advantage of high
feature density to simultaneously probe and
discriminate among a large number of candidate
pathogens that may be present in a single clinical
specimen. It is also important to note that gene
expression markers can conceptually be tiled onto the
array in the same manner as genomic markers. Thus,
sequences representing pathogen transcripts (RNA
templates coding for protein synthesis) can be
simultaneously positioned on arrays with those
allowing resequencing of genomic markers. This would
enable the microarray to detect not only the presence
of a pathogen, but would also allow determination of
viability, since transcriptional markers would only be
present in intact pathogens.Table 2: RPMV2 layout
(Name) Respiratory Pathogen Species/Sub Species/Sub
Species/Sub-sp Genus/Species Rx Res Name species
species BT Agent Name (CDC A;B;C) Adenovirus Subgroup
A Hexon Fiber E1A Subgroup B1 Adenovirus 3 Hexon Fiber
E1A Adenovirus 7 Hexon Fiber E1A Adenovirus 16 Hexon
Fiber E1A Adenovirus 2 1 Hexon Fiber E1A Subgroup B2
Adenovirus 11 Hexon Fiber E1A Adenovirus 35 Hexon
Fiber E1A Subgroup C Adenovirus 1 Hexon Fiber E1A
Adenovirus 2 Hexon Fiber E1A Adenovirus 5 Hexon Fiber
E1A Adenovirus 6 Hexon Fiber E1A Subgroup D Subgroup E
Adenovirus 4 Hexon Fiber E1A Subgroup F Hexon Fiber
E1A Influenza Influenza A Hemagglutinin 1
Neuraminidase 1 Neuraminidase 1 Matrix (Full) (Full)
(H5N1) Hemagglutinin 2 Neuraminidase 2 (Full)
Hemagglutinin 3 Neuraminidase 3 (Full) Hemagglutinin 4
Neuraminidase 4 Hemagglutinin 5 Neuraminidase 5
Hemagglutinin 6 Neuraminidase 6 Hemagglutinin 7
Neuraminidase 7 Hemagglutinin 8 Neuraminidase 8
Hemagglutinin 9 Neuraminidase 9 Hemagglutinin 10
Hemagglutinin 11 Hemagglutinin 12 Hemagglutinin 13
Hemagglutinin 14 Hemagglutinin 15 Influenza B
Hemagglutinin B Neuraminidase B Matrix Influenza C
Hemagglutinin- Matrix esteraseParainfluenza
Parainfluenza 1 Hemagglutinin- Matrix neuraminidase
Parainfluenza 2 Hemagglutinin- Matrix neuraminidase
Parainfluenza 3 Hemagglutinin- Matrix neuraminidase
Parainfluenza 4A Hemagglutinin- Matrix neuraminidase
Rhinovirus 51NCR HRV 5' NCR HRV21 51NCR HRV29 51NCR
51NCR 9501468 HRV HRV62 9501821 51NCR HRV1A 51NCR
HRV58 5' NCR HRV14 51NCR HRV87 Coronavirus SARS
Membrane Nucleocapsid Spike Matrix Glycoprotein 043
Hemagglutinin- Nucleocapsid Spike esterase 229E
Surface Nucleocapsid Spike Glycoprotein Respiratory
Syncitial V/iriic Type l (RSV A) Nucleocapsid Matrix
Type 2 (RSV B) Nucleocapsid Matrix Streptococcus
Streptococcus emm 1 ST2035 ST4529L ST4532 ST4264
ST4547 GyrA Erm(A); Erm pyogenes (B);Erm(TR);MefA ;
MefE ; prtF1 ; put. Rx resist prat. ; tet(O) emm 75
emm13L ST3018 U92492 STI4973 STCMUK16 ST2267 U50338
ST2980 ST230-2 ST436 ST448L ST3365 ST1 135 ST1 161
ST1432 ST6949 ST1 160 emm1 emm2 emm3 emm4 emm5 emm6
emm7 emm8 emm9 emm10 emm1 1 emm12 emm13 emm14 emm15
emm16 emm17 emm18 emm19 emm20 emm21 emm22 emm23 emm24
emm25 emm26 emm27 emm28 emm29 emm30 emm31 emm32 emm33
emm34 emm35 emm36 emm37 emm38 emm39 emm40 emm41 emm42
emm43 emm44 emm45 emm46 emm47 emm48 emm49 emm50 emm51
emm52 emm53 emm54 emm55 emm56 emm57 emm58 emm59
emmdOemm61 emm62 emm63 emm64 emm65 emm66 emm67 emm68
emm69 emm70 emm71 emm72 emm73 emm74 emm75 emm76 emm77
emm78 emm79 emm80 emm81 emm82 emm83 emm84 emm85 emm86
emm87 emm88 emm89 emm90 emm91 emm92 emm93 emm94 emm95
emm96 emm97 emm98 emm99 emmlOO emm101 emm102 emm103
emm104 emm105 emm106 emm107 emm108 emm109 emm110
U74320 Csr R & Csr S sic SpeB Streptococcus ponA
(Pbp1A) GyrA GyrB; ParC pneumoniae Staphylococcus entQ
entK tst seb GyrA MSR(A); mecR1 ; VanA aureus ; BIaZ ;
dfrA ; qacC Mycoplasma P1 gene GyrA pneumoniae
Bordetella pertussis Pertussis toxin PmA Chlamydia
Chlamydia OmpB DNA Gyrase pneumoniae Chlamydia
psittaci OmpA SigA 



Neisseria meningitidis MviN GyrA Bacillus Bacillus
anthracis protective antigen rpoB lethal factor adema
GyrA fsctor (Cya) Bacillus cereus rpoB Bacillus
thuringensis cry rpoB Bacillus subtillus rpoB rpoB
Yersinia pestis OmpA cve2155 sequence GyrA Smallpox
(variola Hemagglutinin SOD Chemokine major) binding
protein Monkeypox Hemagglutinin IA Varicella
Hemagglutinin Francisella tularensis TUL4 Region of
mdh Difference (RD1) Filoviridae Ebola L gene NP
Protein Marburg L gene NP Protein Arenaviridae Lassa L
protein NP Protein Machupo L protein NP Protein
Burkholderia Burkholderia mallei PenA WaaF (Glanders)
Burkholderia PenA WaaF pseudomallei (Meliodosis)
Burkholderia cepacia recA Typhus fever Omp1 GyrA ermB
(Rickettsia prowazekii) Alphaviruses Venezuelan equine
nonstructural nucleocapsid encephalitis polyprotein
proteins Eastern equine nonstructural nucleocapsid
encephalitis polyprotein proteins Western equine
nonstructural nucleocapsid encephalitis polyprotein
proteins Brucella Omp25 Omp2 RB51 WBOA IS71 1J INSERT
Brucella abortus (2308 B37) Brucella melitensis
(F6145) Brucella suis (A44) GyrA Brucella canis
Brucella ovis Brucella neotoma Arcapobacterium 16S
rRNA pld hemolyticum Haemophilus OmpP5 (OmpA- GyrA
influenzae family) Moraxella catarrhalis hemagglutinin
GyrA Mycobacterium Omp A GyrA tuberculosis
ClostridiumClostridium botulinum Ntnh Bont Clostridium
TmpC Epsilon Toxin GyrA perfringens Clostridium tetani
L & H chain Coxiella burnetii ToIC GyrA
Cryptosporidium Sod CP2 parvum E. coli 0157:H7 Omp A
Shiga Toxin I Shiga Toxin GyrA Ricinus communis
Ricinus communis toxin Salmonella Salmonella enterica
OmpA GyrA Salmonella OmpA precursor typhimurium
Shigella Shigella dysenteriae OmpA Shigella flexneri
OmpA GyrA Vibrio cholerae OmpA CtxA & CtxB GyrA OJ
Nipah virus Nucleocapsid Matrix Hantavirus Sin Nombre
Nucleocapsid Glycoprotein Legionella MompS GyrA
pneumophilia Histoplasma M antigen H antigen
capsulatum Blastomyces WI-1 bys1 dermatiditis
Coccidioides immitis bg12 Ag2 Varicella Varicella
HHV-6 major capsid Major antigenic protein structural
protein Varicella HHV-3 major capsid immediate early
protein transactivator Epstein-Barr Virus major capsid
immediate early protein transactivatorCorynebacterium
Corynebacterium Dtx gene GyrA diphtheriae Enterovirus
(genus) Enterovirus Coxsackie (subgroup) Coxsackie
Echo (subgroup) Echovirus Polio (subgroup) Poliovirus
Paramyxoviridae Paramyxoviridae Hemagglutinin Matrix
morbillivirus (Rubeola) Newcastle Hemagglutinin-
Matrix Neuraminidase West Nile Virus Envelope
Nonstructural protein 5 Yellow Fever Envelope
Nonstructural protein 5 Metapneumovirus Nucleocapsid
Matrix Norwalk Virus RNA-dependent Nucleocapsid RNA
polymerase Dengue Virus capsid protein (c) pre-M
protein Foot & Mouth VPI gene 3D gene St. Louis
Encephalitis polyprotein NS5 Rift Valley Fever
nucleoprotein nonstructural protein Usutu polyprotein
tsutsugamushi fever GroEL tsa Chandipura G
Glycoprotein Matrix Man-made Insertion Bluescript Il
(KS+) pUC pGEM Sequences Multiple Cloning Sites Rx
Resistance MarkersTable 3: RPMV2 layout (Accession
Number) Respiratory Pathogen Species/Sub Species/Sub
Species/Sub Species/Sub Species/Sub Genus/Species Rx
Res Name species species species species species BT
Agent Name (CDC A;B;C) Adenovirus Subgroup A NC_001460
NC_001460 NC_001460 



Subgroup B 1 Adenovirus 3 AF542129 AY224415 AF492352
Adenovirus 7 X76551 Z48954 AY495969 Adenovirus 16
X74662 U06106 Adenovirus 2 1 AB053166 U06107 AF492353
Subgroup B2 Adenovirus 11 AF532578 L08232 BK001453
Adenovirus 35 AB052912 AB098563 AY128640 Subgroup C
Adenovirus 1 AF534906 AB108423 AF534906 Adenovirus 2
AY224391 AY224410 BK000407 Adenovirus 5 AF542130
AY224411 AY147066 Adenovirus 6 X67710 AB108424 E1A
Subgroup D NC_002067 NC_002067 NC_002067 Subgroup E
Adenovirus 4 X84646 X76547 E1A Subgroup F NC_001454
NC_001454 NC_001454 Influenza Crieria: Human; Swine;
Avian (Newest 1st) Influenza A AJ344014 AJ518092
AY526746 AJ458301 (vaccine) L11125 U42776 ISDN38157
AY300947 (vaccine) ISDN13277 K01030 (vaccine) AF285885
AY526745 M24740 AJ507203 AF285887 AY338459 AY340079
AF310988 AY300948 AY294658 AY180830 AF31 1750 AF310986
AF310990 M26089 M35997 L43916 Influenza B AB126838
AY139074 AB036877Influenza C AB093473 AB086809
Parainfluenza Parainfluenza 1 NC 003461 NC 003461
Parainfluenza 2 NC 003443 NC 003443 Parainfluenza 3
AY283063 NC 001796 Parainfluenza 4A E02727 E03809
Rhinovirus AF108164 AF108180 AF542420 AF542420
AF108184 AF108179 AF108183 AF108186 AF108187
Coronavirus SARS AY323974 AY365036 AY429079 AY390556
OC43 M76373 NC 005147 L14643 229E NC_002645 X51325
X16816 Respiratory Syncitial Virus Type 1 (RSV A)
AF035006 AF035006 Type 2 (RSV B) AF013254 AF013254
Streptococcus emm source Streptococcus ST2035 ST4529L
ST4532 ST4264 ST4547 AE006557 Erm(A) ; pyogenes
AY357120 ; Erm(TR); U70055 ; MefE ; OJ prtF1 ;
AE006513 emm13L ST3018 U92492 STI4973 STCMUK16 ST2267
U50338 ST2980 ST230-2 ST436 ST448L ST3365 ST1 135 ST1
161 ST1432 ST6949 ST1 160 emm1 emm2 emm3 emm4 emm5
emm6 emm7 emm8 emm9 emm10 emm1 1 emm12 emm13 emm14
emm15 emm16 emm17 emm18 emm19 emm20 emm21 emm22 emm23
emm24 emm25 emm26 emm27 emm28 emm29 emm30 emm31 emm32
emm33 emm34 emm35 emm36 emm37 emm38 emm39 emm40 emm41
emm42 emm43 emm44 emm45 emm46 emm47 emm48 emm49 emm50
emm51 emm52 emm53 emm54 emm55 emm56 emm57 emm58 emm59
emm60 emm61 emm62 emm63 emm64 emm65 emm66 emm67 emm68
emm69 emm70 emm71 emm72 emm73 emm74 emm75 emm76 emm77
emm78 emm79 emm80 emm81 emm82 emm83 emm84 emm85 emm86
emm87 emmdd emm89 emm90 emm91 emm92 emm93 emm94
emm95emm96 emm97 emm98 emm99 emrrp OO emm101 emm102
emm103 emm104 emm105 emm106 emm107 emm108 emm109 emm1
10 U74320 U11966 AF095713 AY229859 AB051298
Streptococcus X67867 AY157689 GyrB; ParC pneumoniae
Staphylococcus aureus U93688 U93688 U93688 M11118
D10489 AF467080 ; AF142100 ; AE017171 Mycoplasma
AF290002 X53555 pneumoniae Bordetella pertussis M13223
AJ507642 BX640413 (codon 286253) Chlamydia Chlamydia
pneumoniae X53511 AB103388 Chlamydia psittaci AF269281
U04442 Neisseria meningitidis AE002384 AE002487
Bacillus o Bacillus anthracis AF306783 AF205335 M29081
M24074 AY291534 Bacillus cereus AF205342 Bacillus
thuringensis AF278797 AF205349 Bacillus subtillus
AF205356 X02369 (orf 821) Yersinia pestis NC_003143
AF350077 AE013898 Smallpox (variola major) L22579
L22579 L22579 Monkeypox Varicella Francisella
tularensis M32059 AF469619 AF513319 Filoviridae Ebola
NC 004161 NC 004161 Marburg NC_001608 NC_001608
Arenaviridae Lassa NC 004297 NC 004296 Machupo
NC_005079 NC_005078 Burkholderia Burkholderia mallei
AY032868 AY124769 (Glanders)Burkholderia AY032869
AF097748 pseudomallei (Meliodosis) Burkholderia
cepacia U70431 Typhus fever (Rickettsia AJ235270
AJ235270 (codon AJ235270 prowazekii) 250672)
Alphaviruses 



Venezuelan equine L04653 L04653 encephalitis Eastern
equine NC003899 NC003899 encephalitis Western equine
NC003908 NC003908 encephalitis Brucella Consensus
Consensus Consensus Brucella abortus (2308 B37)
Brucella melitensis (F6145) Brucella suis (A44)
AE014411 Brucella canis Brucella ovis Brucella neotoma
Arcanobacterium X73952 L16583 hemolyticum Haemophilus
influenzae L20309 U32806 Moraxella catarrhalis
AY077637 AF056196 Mycobacterium BX842574 AE006915
tuberculosis Clostridium Clostridium botulinum Y13630
X62683 Clostridium perfringens AP003191 X60694
AP003185 Clostridium tetani X04436 Coxiella burnetii
AE016960 AE016960 Cryptosporidium AF529280 AY471868
parvum E. coli 0157:H7 AE005582 AB083044 AB048837 N C
002655 Ricinus communis X52908 SalmonellaSalmonella
enterica AL627269 AE016836 (codon 70224) Salmonella
typhimurium AE008746 Shigella Shigella dysenteriae
V01344 Shigella flexneri AE015125 AE016986 Vibrio
cholerae AF030977 Gary Custom NC_002505 Nipah virus
NC_002728 NC 002728 Hantavirus Sin Nombre NC_005216
L33474 Legionella AF078136 AY091594 pneumophilia
Histoplasma AF026268 U20346 capsulatum Blastomyces
S63772 AF277079 dermatiditis Coccidioides immitis
AF022893 U32518 0 Varicella Varicella HHV-6 NC 001664
NC 001664 Varicella HHV-3 NC 001348 NC 001348
Epstein-Barr Virus NC_001345 NC_001345 Corynebacterium
Corynebacterium A04646 BX248354 diphtheriae
Enterovirus (genus) NC 001612 Coxsackie (subgroup)
AF499635 Echo (subgroup) NC 003986 Polio (subgroup)
NC_002058 Paramyxoviridae Paramyxoviridae AY523581
NC_001498 morbillivirus (Rubeola) Newcastle AY510092
NC 002617 West Nile Virus AF346319 AF208017 Yellow
Fever AY359908 AF013417 Metapneumovirus AY145272
AY145271Norwalk Virus NC_001959 NC_001959 Dengue Virus
NC_001474 NC_001474 Foot & Mouth NC_004004 NC_004004
St. Louis Encephalitis AY289618 AF013416 Rift Valley
Fever X53771 X53771 Usutu AF452643 tsutsugamushi fever
AY191589 AY283180 Chandipura J04350 AF1 28868 Man-made
Insertion Stratagene X06404 X65312 Sequences Provided
Multiple Cloning Sites Rx Resistance MarkersTable 4:
RPMV2 layout (Size) Respiratory Pathogen Species/Sub-
Species/Sub- Species/Sub-species Genus/Species Rx Res
Name species species BT Agent Name (CDC A;B;C)
Adenovirus Subgroup A 836 860 597 Subgroup B1
Adenovirus 3 668855 882299 880 Adenovirus 660055
882299 880 Adenovirus 16 673 906 Adenovirus 2 1 775599
663377 819 Subgroup B2 Adenovirus 11 662299 11 00 22
55 789 Adenovirus 35 664411 771111 789 Subgroup C
Adenovirus 1 666677 880022 870 Adenovirus 2 778899
669988 870 Adenovirus 5 668844 882266 1055 Adenovirus
6 785 578 Subgroup D 664444 778833 579 Subgroup E
Adenovirus 4 22 88 11 11 11 337755616 Subgroup F
882288 665599 909 Influenza Influenza A 1692 1459 575
734 757 1410 1042 804 1323 257 303 865 839 691 770 946
849 795 553 444 727 680 690 813 715 745 Influenza e
773377 776611 715 Influenza e 440011 862 



Parainfluenza Parainfluenza l 1649 910Parainfluenza 2
1646 693 Parainfluenza 3 1581 498 Parainfluenza 4A 638
807 Rhinovirus 508 499 338 503 501 511 504 520 506
Coronavirus SARS 666 1269 3768 666 OC43 828 557 1042
229E 753 789 1393 Respiratory Syncitial Virus Type 1
(RSV A) 907 958 Type 2 (RSV B) 554 826 Streptococcus
Streptococcus pyogenes 675 425 713 661 340 815 Erm(A);
763 ;732 ;563; MefE; prtF1 200 316 371 415 680 413 384
401 688 350 355 554 619 475 664 650 635 325 360 391
337 490 437 emm7 emm 509 emm10 500 364 emm13 439 652
emm16 187 emm18 381 emm20 emm21 620 258 421 561 936
317 333 328 265 339 299 328 340 emm35 410 270 481 369
340 488 408 306 391 emm45 315 331 489 485 287 423 499
414 293 405 389 338 391 433 452 325 334 429 538 640
528 335 526 566 440 300 256 328 306 451 353 450 415
322 354 432 497 421 324 448 404 420 346 379 483 393
363 403 516 408 358 357 351 372 340 350 354 emm103
emm104 emm105 emm106 emm107 emm108 emm109 emm110 533
292 904 1008 681Streptococcus 1237 815 GyrB ;
pneumoniae ParC Staphylococcus aureus 771 729 705 713
821 400 ; 652 ; 1032 ; 846 ; ffl ; M Mycoplasma
pneumoniae 2526 809 Bordetella pertussis 824 730 815
Chlamydia Chlamydia pneumoniae 982 824 Chlamydia
psittaci 991 835 Neisseria meningitidis 856 941
Bacillus Bacillus anthracis 551 777 638 985 732
Bacillus cereus 777 Bacillus thuringensis 805 777
Bacillus subtillus 780 812 Bacillus globigii Yersinia
pestis 913 517 812 Smallpox (variola major) 942 378
762 Monkeypox 764 Varicella Francisella tularensis 786
3322 960 Filoviridae Ebola 752 758 Marburg 1170 799
Arenaviridae Lassa 973 703 Machupo 1540 715
Burkholderia Burkholderia mallei 1117 (Glanders)
Burkholderia 1117 1100 pseudomallei (Meliodosis)
Burkholderia cepacia 563 Typhus fever (Rickettsia 985
968 1560 prowazekii)Alphaviruses Venezuelan equine 923
1512 encephalitis Eastern equine 1312 g75 encephalitis
Western equine 878 902 encephalitis Brucella 582 2428
1291 Brucella abortus (2308 B37) Brucella melitensis
(F6145) " 5 Brucella suis (A44) Brucella canis
Brucella ovis Brucella neotoma Arcanobacterium -] 4 89
\ -\ \ \ hemolyticum pa niumpiiu5 ipnuenzae 937 896
Moraxella catarrhalis 653 321 Mycobacterium 932
tuberculosis 818 Clostridium Clostridium botulinum 499
1000 Clostridium perfringeps 1113 572 Clostridium
tetani 1138 810 Coxiella burnetii 1851 812
Cryptosporidium parvum 375 2304 E. coli 0157:H7 660
948 960 812 Ricinus communis 1133 Salmonella
Salmonella enterica 904 Salmonella typhimurium 904 812
Shigella Shigella dysenteriae 907 Shigella flexneri
898 812Vibrio cholerae 942 984 887 Nipah virus 858
1359 Hantavirus Sin Nombre 639 1293 Legionella
pneumophilia 1157 236 Histoplasma capsulatum 919 1082
Blastomyces dermatiditis 942 912 Coccidioides immitis
965 1234 



Varicella Varicella HHV-6 890 1236 Varicella HHV-3 822
781 Epstein-Barr Virus 971 1317 Corynebacterium
Corynebacterium 913 diphtheriae 818 Enterovirus
(genus) 1758 Coxsackie (subgroup) 920 Echo (subgroup)
1277 Polio (subgroup) 1226 Paramyxoviridae
Paramyxoviridae 1854 morbillivirus (Rubeola) 1008
Newcastle 1734 1232 West Nile Virus 1504 917 Yellow
Fever 1547 1035 Metapneumovirus 1185 765 Norwalk Virus
961 712 Dengue Virus 300 498 Foot & Mouth 633 799 St.
Louis Encephalitis 679 1035 Rift Valley Fever 738
798Usutu 1035 tsutsugamushi fever 546 1011 Chandipura
704 755 Man-made Insertion 2961 3914 2912 Sequences
Multiple Cloning Sites Rx Resistance Markers Chip Size
293826The sequences submitted for RPMV2 tiling and
chip fabrication were based on the Affymetrix
instruction file summarized in Table 5, which
corresponds to the sequences appearing as SEQ ID NOs:
59-421. Table 5: RPMV2 Affymetrix instructions file
for tiling and chip fabricationAttitude Insensitive
Flow Device System and Method Technical Field of the
Invention : [0001] Embodiments of the present
invention relate to the field of flow control. More
particularly, embodiments of the present invention
relate to systems and methods for an attitude
insensitive flow device. Background of the Invention :
[0002] The manufacture of semiconductors typically
requires precise control of fluids (e.g., gasses,
liquids, gasvapor mixes) through the process path to a
process chamber. Regulation of mass flow is often
achieved through the use of a thermal mass flow
controller. These mass flow controllers generally
operate by directing fluid flow through a capillary
tube path that runs parallel to a bypass area of the
main flow path. Two thermally sensitive resistors are
wound around the capillary tube. As fluid travels
through the capillary tube, heat is conducted away
from the resistors, or imparted to the fluid, causing
the resistance of each of the resistors to change and
the temperature of the fluid to change. Based on the
difference in resistance between the two resistors, a
controller, executing a control algorithm can
determine the flow through the mass flow controller.
Many mass flow meters work on a similar principle.
[0003] Thermal mass flow controllers and meters, such
as those described above, are subject to a phenomenon
known as "thermal siphoning" wherein heated fluid in
the capillary tube initiates convective flow with the
cooler fluid in the main flow path. While this flow
may be small, it can cause measurable changes in the
zero of the mass flow controller. This problem is
exacerbated if the attitude (i.e., angle from the
horizontal of the main flow path) changes. Because of
thermal siphoning, prior art massflow controllers must
typically be calibrated on a controller-by-controller
basis for the orientation in which each mass flow
controller will be installed. [0004] Several schemes
for attitude compensation have been developed to try
to offset the effects of thermal siphoning. United
States Patent No. 5,763,774 describes a system for
minimizing thermal siphoning by reducing the internal
volume of the capillary tubes and bypass area. While
this method reduces the effects of thermal siphoning,
a small amount of thermal siphoning remains. [0005]
Another prior art system for addressing thermal
siphoning is to increase the flow restriction in the
bypass area and/or the capillary tube area, as
described in United States Patent No. 6,763,774. This
method can adversely affect sensing in some
applications because it increases the differential
pressure required across the sensing element. [0006]
United States Patent No. 6,044,701 describes another
prior art method for addressing thermal siphoning. In
this scheme, the capillary tube is orthogonal to the
main axis of flow through the flow measurement/control
device. This method requires a complicated flow path
that is difficult to manufacture. Moreover, this
method simply reorients the axis of the capillary tube
ninety degrees and will experience the same
difficulties as other flow measurement devices if
installed in an orientation that is rotated ninety
degrees around the main axis of flow relative to the
intended installation orientation. [0007] United
States Patent Nos. 4,100,801 and 4,956,975 describe a
method for reversing the flow path. While this system
acts to reduce the effects of thermal siphoning, mass
flow measurement/control devices incorporating this
system can be more expensive to manufacture. Moreover,
reversing the flow path, or even making the flow path
orthogonal to the main flow path through the thermal
mass flow sensor, can increase theinternal volume of
the thermal mass flow sensor. The increase in internal
volume can make the device unsuitable for use in
systems with low vapor pressure. SUMMARY OF THE
INVENTION [0008] Embodiments of the present invention
provide an attitude insensitive flow device system and
method that eliminates, or at least substantially
reduces, the shortcomings of prior art flow device
systems and methods . [0009] One embodiment of the
present invention can include a flow device comprising
a processor and a computer readable medium accessible
by the processor storing a set of computer
instructions executable by the processor. The computer
instructions can comprise instructions executable to
receive an orientation, receive a sensed flow and
determine a flow through the flow device based on the
sensed flow and the orientation. [0010] Another
embodiment of the present invention can include a flow
device method comprising determining the orientation
of a thermal mass flow sensor, determining a sensed
flow and determining the flow through the flow device
based on the sensed flow and the orientation. [0011]
Yet another embodiment of the present invention can
include a computer program product comprising a
computer readable medium accessible by the processor,
storing a set of computer instructions. The set of
computer 



instructions can comprise instructions executable to
receive an orientation, receive a sensed flow and
determine a flow through a flow device based on the
sensed flow and the orientation. [0012] Yet another
embodiment of the present invention can include a mass
flow controller that has a thermal mass flow sensor
with an inlet, an outlet, a bypass area in fluid
communication with the inlet and outlet, a capillary
tube in fluid communication with the bypass area, an
upstream sense element and a downstream senseelement
to sense flow in the capillary tube. The mass flow
controller can further include sensor logic connected
to the upstream sense element and downstream sense
element that outputs a sensed flow and an orientation
sensor that outputs an orientation of the thermal mass
flow sensor. The mass flow controller can also include
a processor that receives the sensed flow and the
orientation, a computer readable medium accessible by
the processor and a set of computer instructions
stored on the computer readable medium. The set of
computer instructions can comprise instructions
executable to receive the sensed flow, receive the
orientation, select an offset based on the
orientation, derive an indicated flow based on the
sensed flow and offset, receive a set point and
generate a valve control signal based on a difference
between the indicated flow and the set point. [0013]
Embodiments of the present invention provide a
technical advantage over prior art mass flow
controllers by compensating for thermal siphoning with
no or minimal increase to the internal volume of the
flow device. Because the internal volume of the flow
device is not increased, flow devices according to the
present invention can be used in low vapor pressure
delivery systems . [0014] Embodiments of the present
invention provide another advantage by allowing the
same mass flow controller to be installed in a variety
of orientations . [0015] Embodiments of the present
invention provide yet another advantage as the device
orientation can be a software accessible parameter
that can be used in diagnostics. BREIF DESCRIPTIONS OF
THE DRAWINGS: [0016] A more complete understanding of
the present invention and the advantages thereof may
be acquired by referring to the following description,
taken in conjunction withthe accompanying drawings in
which like reference numbers indicate like features
and wherein: [0017] FIGURE 1 is diagrammatic
representation of a flow control device; [0018] FIGURE
2 is a diagrammatic representation of one embodiment
of a thermal mass flow sensor; [0019] FIGURE 3 is a
diagrammatic representation of one embodiment of a
control system; [0020] FIGURE 4 is a diagrammatic
representation of a control algorithm, according to
one embodiment of the present invention; and [0021]
FIGRUE 5 is a flow chart illustrating one embodiment
of a method for measuring flow. DETAILED DESCRIPTION :
[0022] Embodiments of the present invention provide a
system and method for attitude insensitive flow
controllers. Embodiments of the present invention can
include a flow device with a controller for
determining flow. The controller can include an
orientation sensor that is sensitive to the angle of
the flow device. Based on the reading of the
orientation sensor, the controller can apply a
predetermined offset to flow measurements to account
for thermal siphoning. [0023] FIGURE 1 is a
diagrammatic representation of one embodiment of a
flow controller. Mass flow controller 100 comprises
inlet fitting 110, flow restrictor 120, thermal mass
flow sensor 130, control valve 140, solenoid 150,
outlet fitting 160, and I/O coupling 170 for
communicating with a control system or process
management system. Thermal mass flow sensor 130, which
can include upstream and downstream resistors, and
solenoid 150 may be coupled to an embedded control
system. The control valve is driven by a current
controlled solenoid valve drive circuit. [0024] Fluid
(e.g., gas, liquid, gas-vapor mix) enters mass flow
controller 100 through inlet fitting 110 flows
throughflow restrictor 120, control valve 140 and
outlet fitting 160. The volume of gas flowing through
outlet fitting 160 is controlled by control valve 140,
which is in turn controlled by solenoid 150. The
embedded control system monitors the set point input
and flow sensor output (s) . A control algorithm, such
as a closed loop control algorithm executed by the
embedded control system, operates to output a valve
control signal to solenoid 150. In response to the
valve control signal, solenoid 150 exerts a force on
valve stem 162 to move poppet 164 away from valve seat
166. The mass flow controller of FIGURE 1 is provided
by way of example only, and embodiments of the present
invention can be implemented in a variety of mass flow
controllers including those described in United States
Patent Application Serial No. 10/886,836, entitled
"Method and System for a Mass Flow Controller with
Reduced Pressure Sensitivity", filed July 8 , 2004
(Attorney Docket No. MYKR1490) , by Kenneth E .
Tinsley et al ., which is hereby fully incorporated by
reference herein, (the "Reduced Pressure Sensitivity
Application") . FIGURE 2 is a diagrammatic
representation of one embodiment of a thermal mass
flow sensor 130. Thermal mass flow sensor 130 can
include, for example, a bypass region 202 and a
capillary tube 204. Bypass region 202 can include a
flow restrictor 120. According to one embodiment of
the present invention, flow restrictor 120 can produce
a generally laminar flow through bypass region 202.
Capillary tube 204 can be surrounded by an upstream
sense element 206 and a downstream sense element 208
that can be connected to additional logic. A s fluid
enters thermal mass flow sensor 130, a portion of the
fluid is diverted through capillary tube 204. The
fluid is heated by upstream sense element 206 and
downstream sense element 208, which creates a region
of heated fluid 210. The fluid flow through bypass
region 202, on theother hand, can remain relatively
cool to create a region of cool fluid 212. A s heat is
drawn away from upstream sense element 206 and
downstream sense element 208 the resistance of the
sense elements changes. Based on the difference in
resistances, the flow through flow sensor 130 can be
determined. [0026] In the embodiment illustrated in
FIGURE 2 , the main axis of flow through thermal mass
flow sensor 130 is approximately horizontal. A s the
attitude of the mass flow sensor 130 changes, that is,
as the main axis of flow deviates from the horizontal,
convective flow can b e established in capillary tube
204 through the temperature differences of the fluid
in flow sensor 130. This convective flow can cause the
temperature change in 



upstream sense element 204 and downstream sense
element 206 to inaccurately reflect the net flow
through thermal mass flow sensor 130. Generally, the
convective flow will cause the sensed net flow to be
offset by some amount. The amount of offset is
influenced by the orientation of thermal flow sensor
130, the pressure of the process fluid and the- type
of process fluid. According to one embodiment of the
present invention, the controller to which thermal
mass flow sensor 130 is connected can compensate for
the convective flow. [0027] FIGURE 3 is a diagrammatic
representation of one embodiment of a control system
300 that can include logic (hardware and/or software
programming) to compensate for thermal siphoning.
Control system 300 can include sensor logic 302
connected to the upstream and downstream sense
elements. Sensor logic 202 can include any sensor
logic known in the art, such as the interface logic of
United States Patent No. 6,575,027, entitled "Mass
Flow Sensor Interface Circuit", issued June 10, 2003
to Larsen et al ., which is hereby fully incorporated
by reference herein. Sensor logic 302 can output a
sensed flow signal that is generated based on the
resistances of theupstream and downstream sense
elements. Processor 306 (e.g., CPU, ASIC, or other
processor known in the art) can be connected to sensor
logic 302 by an analog to digital ("A/D") converter
304. A/D converter 304 can receive the sensed flow
signal from sensor logic 302 and convert the received
signal to a digital representation of the sensed flow.
Processor 306 can receive the sensed flow from A/D
converter 304. [0028] Control system 300 can further
include an orientation sensor 308. Orientation sensor
308 can include any sensor capable of outputting a
signal (analog or digital) that represents the
orientation of the thermal flow sensor. One embodiment
of orientation sensor 308 is the OMRON D6B position
sensor manufactured by OMRON Corporation of Kyoto,
Japan. This sensor is a microminiature position sensor
that has a 2-bit binary output with distinct states
for each of four possible 90- degree orientations
around a single axis. The position resolution of the
D6B is limited to about +/- forty-five degrees. The
sensor can be positioned such that it outputs the
orientation of the main flow axis through the thermal
mass flow sensor relative to a horizontal orientation.
It should be noted that the OMRON DB6 is provided by
way of example only and other sensors, with higher or
lower resolutions, can be used for orientation sensor
308. Orientation sensor 308 can be placed on the same
circuit board as processor 306 or can be located
elsewhere in the flow control device. [0029] Processor
306 can execute computer instructions 310, stored on a
computer readable medium 312 (RAM, ROM, Flash Memory,
magnetic storage device and/or other computer readable
medium known in the art), to correlate the sensed flow
to a mass flow or a valve control signal. According to
one embodiment of the present invention, processor 306
can access a set of stored offsets 314 and apply the
appropriate offset during execution of the .control
algorithm to account for the orientation of the
thermal mass flow sensor. [0030] The offset applied
for a particular sensed orientation can be calibrated
for a particular mass flow controller. In the example
above of an orientation sensor that can indicate four
orientations, a mass flow controller can be placed in
each of the four orientations (e.g., thermal mass flow
sensor inlet up, thermal mass flow sensor inlet down,
horizontal with capillary tube up, horizontal with
capillary tube down) and the offsets for that mass
flow controller can be recorded and saved. According
to another embodiment of the present invention, the
offsets stored for a particular mass flow controller
can be based on offsets determined for other mass flow
controllers having, for example, the same combination
of valve and restrictor . [0031] It should be noted
that offsets can be stored for any number of
orientations if the orientation sensor is capable of
greater resolution. For example, if the orientation
sensor is capable of determining every ten degrees of
orientation, control system 300 can store offsets for
each orientation (e.g., horizontal, the thermal mass
flow sensor outlet elevated ten degrees, the thermal
mass flow sensor outlet elevated 20 degrees and so on)
. Additionally, as the amount of thermal siphoning
that occurs is a factor of gas density and pressure,
offsets can be stored for a variety of gasses and
expected upstream gas pressures. As with calibration
flow curves, the offsets for one gas, say Nitrogen,
and set of flow conditions can be extended to other
gases, Argon for example, and flow conditions. The
extension of calibration flow curves to different
gasses and flow conditions is discussed in United
States Patent Application No. 10/444,249, entitled
"System and Method for Mass Flow Detection Device
Calibration", to StuartTison, filed May 23, 2003,
which is hereby fully incorporated by reference
herein. [0032] Control system 300 can, thus, receive
an indication of the thermal mass flow sensor
orientation, access a corresponding offset and apply
the offset to the control algorithm. The offsets can
be applied to the sensed flow, the indicated flow or
other point in the control algorithm. This allows
embodiments of the present invention to compensate for
thermal siphoning without complex rerouting of the
capillary tube and further allows for the same mass
flow device to be installed in a variety of
orientations without recalibration. [0033] FIGURE 4 is
a diagrammatic representation of one embodiment of a
control algorithm 400. Control algorithm 400 can be
implemented, according to one embodiment of the
present invention, by executing a set of computer
instructions stored on a computer readable medium.
According to one embodiment of the present invention,
the control algorithm can be executed by an embedded
controller of a mass flow control device. [0034]
According to one embodiment of the present invention,
the controller can receive a digital representation of
the sensed flow (block 402) and apply a low pass
filter (block 404) to the sensed flow. The controller
can further access an offset (block 406) . According
to one embodiment of the present invention, the offset
selected can be based on an orientation received from,
for example, an orientation sensor, the gas flowing
through the flow device and the pressure of the gas.
The controller can add or subtract the offset to the
sensed flow (summer 408). Additional values can also
be applied to the sensed flow to account for other
factors that can contribute to a zero offset. [0035]
The sensed flow with the offset applied can be
compared to a gas flow curve (block 410) . The curves
can be stored and accessed according to any mass
flowcalibration scheme known in the art. The
controller can apply a low pass filter (block 412) to
the results of the 



curve fitting and apply a predetermined gain factor to
the derivative of the output of the curve fitting
(block 414) . The results of the curve fitting and the
derivative of the curve fitting multiplied by a gain
can be combined (summer 416) to produce an indicated
flow (block 418) . [0036] In a mass flow controller,
the controller can receive a set point (block 420) and
can subtract the indicated flow from the set point
(summer 422) to generate an error signal. The control
algorithm can further add a pressure factor (e.g., a
second gain multiplied by a change in pressure over
time) , as described in the Reduced Pressure
Sensitivity Application, in generating the error
signal. The controller can apply any
proportional-integral control technique (block 424)
known in the art to generate a valve control signal
based on the error signal. The valve control signal
can be output to a solenoid controller (block 426) .
According to one embodiment of the present invention,
the controller can output the valve control signal
using multiple channels as described United States
Patent Application No. 10/887,040, entitled "Valve
Control System and Method", filed July 8 , 2004, to
Dwight Larson, which is hereby fully incorporated by
reference herein. [0037] In the example of FIGURE 4 ,
the offset is applied to the sensed flow prior to. the
curve fitting. In this case, the stored offset will be
the offset in terms of the sensed flow. According to
other embodiments of the present invention, however,
the offset can be applied at other points of control
algorithm 400. For example, the offset can be applied
to the indicated flow or to the valve control signal.
According to yet another embodiment of the present
invention, the offset can beapplied piecemeal- at
various stages in the control algorithm. [0038] FIGURE
5 is a flow .chart illustrating one embodiment of a
method for an attitude insensitive flow device. The
method of FIGURE 5 can be implemented, for example, as
hardware or software programming in a controller of a
flow device. At step 502, an orientation can be
determined. This can be done, for example, when the
controller is powered up, when a set point is asserted
or at the occurrence of a predetermined event. The
controller, at step 504, can load an offset from
memory based on the orientation, process gas and
expected flow conditions . [0039] The controller, at
step 506, can receive a sensed flow from the thermal
mass flow sensor. At step 508, the offset determined
at step 504 can be applied to the sensed flow to
generate a corrected sensed flow. The controller, at
step 510, can apply any control algorithm known in the
art to the corrected sensed flow generate a valve
control signal to open or close a valve in response to
a set point. Thus, the controller can receive an
orientation, receive a sensed flow and determine a
flow through the flow device based on the orientation
and the sensed flow. Additionally, the controller can
generate a valve control signal based on the sensed
flow and orientation. The process of FIGURE 5 can be
arbitrarily repeated as needed or desired. [0040]
Thus, embodiments of the present invention provide a
system and method for an attitude insensitive flow
device. While the flow device has been discussed
primarily in terms of a mass flow controller, the flow
device can be any flow device, such as a mass flow
meter, that experiences thermal siphoning. According
to one embodiment of the present invention, the flow
device can include an orientation sensor to determine
the orientation of the flow device and a set of
storedoffsets corresponding to each orientation. Based
on the orientation determined by the orientation
sensor, the flow device can access the appropriate
offset. The offset selected can also be influenced by
the process gas and one or more flow parameters (e.g.,
gas pressure). The flow de.vice can apply the offset
to account for thermal siphoning when determining flow
through the device . While the present invention has
been described with reference to particular
embodiments, it should be understood that the
embodiments are illustrative and that the scope of the
invention is not limited 'to these embodiments. Many
variations, modifications, additions and improvements
to the embodiments described above are possible. It is
contemplated that these variations, modifications,
additions and improvements fall within the scope of
the invention as detailed in the following claims
.WHAT IS CLAIMED IS : 1 . A flow device comprising: a
processor; a computer readable medium accessible by
the processor, storing a set of computer instructions,
wherein the set of computer instructions comprise
instructions executable to: receive an orientation;
receive a sensed flow; and determine a flow through
the flow device based on the sensed flow and the
orientation. 2 . The flow device of Claim 1 , further
comprising an orientation sensor connected to the
processor that indicates the orientation. 3 . The flow
device of Claim 2 , wherein the orientation
corresponds to the angle of a thermal mass flow
sensor. 4 . The flow device of Claim 2 , further
comprising a thermal mass flow sensor further
comprising: an inlet; an outlet; a bypass area in
fluid communication with the inlet and the outlet; a
capillary tube in fluid communication with the bypass
area; an upstream sense element; a down stream sense
element; and sensor logic connected to the upstream
sense element, the downstream sense element and the
processor that outputs the sensed flow. 5 . The flow
device of Claim 1 , further wherein the set of
computer instructions further comprise instructions
executable to select an offset based on the
orientation.6 . The flow device of Claim 5 , wherein
the flow through the flow device is determined based
on the sensed flow and the offset. 7 . The flow device
of Claim 5 , further comprising an orientation sensor
operable to determine at least four orientations. 8 .
The flow device of Claim 7 , wherein the offset
corresponds to one of the at least four orientations.
9 . The flow device of Claim 1 , wherein the computer
instructions further comprise instructions executable
to store a set of offsets, each offset from the set of
offsets corresponding to a particular orientation. 10.
The flow device of Claim 9 , wherein each offset from
the set of offsets further corresponds to a particular
process fluid. 11. The flow device of Claim 9 ,
wherein each offset from the set of offsets further
corresponds to a particular pressure. 



12. The flow device of Claim 1 , wherein the set of
computer instructions further comprise instructions
executable to: select an offset based on the
orientation; apply the offset to the sensed flow; and
generate an indicated flow. 13. The flow device of
Claim 12, 'wherein the set of computer instructions
further comprise instructions executable to: receive a
set point; compare the indicated flow to the set
point; and generate a valve control signal based on a
difference between the indicated flow and the set
point. . . 14. The flow device of Claim 1 , wherein
the flow device is a mass flow meter.15. The flow
device of Claim 1 , wherein the flow device is a mass
flow controller. 16. A flow device method comprising:
determining the orientation of a thermal mass flow
sensor; determining a sensed flow; and determining the
flow through the flow device based on the sensed flow
and the orientation. 17. The method of Claim 16,
wherein determining the orientation of the thermal
mass flow sensor comprises determining the orientation
of the thermal mass flow sensor at an orientation
sensor. 18. The method of Claim 16, wherein the
orientation sensor senses at least four orientations.
19. The method of Claim 18, further comprising
selecting an offset, wherein the offset corresponds to
one of the at least four orientations . 20. The method
of claim 16, further comprising: storing a set of
offsets, wherein each offset corresponds to a
particular orientation. 21. The method of Claim 16,
further comprising storing a set of .offsets, wherein
each offset corresponds to a particular orientation
and process fluid. 22. The method of Claim 16, further
comprising storing a set of offsets, wherein each
offset corresponds to a particular orientation and
pressure. 23. The method of Claim 16, further
comprising: selecting and offset based on the
orientation; and applying the offset to the sensed
flow.24. The method of Claim 23, further comprising:
generating an indicated flow based on the offset and
the sensed flow; receiving a set point; comparing the
indicated flow to the set point; and generating a
valve control signal based on a difference between the
indicated flow and the set point. 25. The method of
Claim 16, further comprising storing a set of offsets
based on a device-by-device calibration. 26. The
method of Claim 16, further comprising storing a set
of offsets based on a calibration of one or more
devices having a similar combination of valve and
restrictor. 27. A computer program product comprising
a computer readable medium storing a set of computer
instructions, wherein the set of computer instructions
comprise instructions executable to: receive an
orientation; receive a sensed flow; and determine a
flow through a flow device based on the sensed flow
and the orientation. f 28. The computer program
product of Claim 27, wherein the orientation is
received from an orientation sensor. 29. The computer
program product of Claim 27, wherein the orientation
sensor senses at least four orientations . 30. The
computer program product of Claim 29, wherein the set
of computer instructions further comprise instructions
executable to select an offset based on the
orientation. 31. The computer program product of Claim
27, wherein the set of computer instructions further
comprise instructions executable tostore a set of
offsets, wherein each offset corresponds to a
particular orientation. 32. The computer program
product of Claim 27, wherein the set of computer
instructions further comprise instructions executable
to store a set of offsets, wherein each offset
corresponds to a particular orientation and process
fluid. 33. The computer program product of Claim 27,
wherein the set of computer 'instructions further
comprise instructions executable to store a set of
offsets, wherein each offset corresponds to a
particular orientation and pressure. 34. The computer
program product of Claim 27, wherein the set of
computer instructions further comprise instructions
executable to select an offset based on the
orientation and apply the offset to the sensed flow.
35. The computer program product of Claim 34, wherein
the set of computer instructions further comprise
instructions executable to generate an indicated flow
based on the sensed flow and offset. 36. The computer
program product of Claim 35, wherein the set of
computer instructions further comprise instructions
executable to: receive a set point; compare the
indicated flow to the set point; and generate a valve
control signal based on a difference betwe.en the
indicated flow and the set point. 37. A mass flow
controller comprising: a thermal mass flow sensor,
further comprising, an inlet; an outlet; a bypass area
in fluid communication with the inlet and outlet;a
capillary tube in fluid communication with the bypass
area; an upstream sense element and a downstream sense
element to sense flow in the capillary .tube; sensor
logic connected to the upstream sense element and
downstream sense element that outputs a sensed flow;
an orientation sensor that outputs an orientation of
the thermal mass flow sensor; a processor that
receives the sensed flow and the orientation; a
computer readable medium accessible by the processor;
and a set of computer instructions stored on the
computer readable medium, the set of computer
instructions comprising instructions executable to:
receive the sensed flow; receive the orientation;
select an offset based on the orientation; generate an
indicated flow based on the sensed flow and offset;
receive a set point; compare the indicated flow to the
set point; and generate a valve control signal based
on a difference between the indicated flow and the set
point. 


