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2004. 10 TECHNICAL FIELD The invention is generally related to
processing of biological sequences. BACKGROUND ART 15For both
surveillance and diagnostic applications, fine-scale pathogen
identification and near-neighbor discrimination is important;
therefore, an assay that monitors at this very specific level is
desirable in clinical environments (1-3). To successfully use any
method based on DNA or RNA detection, these assays must be coupled
with large databases of nucleic acid sequence information for assay
design to ensure that the desired information is provided and for the
interpretation of raw data. Several well established techniques, such
as real time PCR, use 20short, unique stretches of sequenced genomes
to provide good specificity (4). These techniques are capable of
providing fine-scale identification of several genetically close
organisms by selecting a sufficient number of segments. However,
these selected segments, which in the initial selection process were
specific, are often later found to be less specific as more organisms
are sequenced. This is particularly a problem for pathogens belonging
to a family with high mutation rate and also for pathogens that have
relatively few neighboring pathogens identified. In  25 addition,
real time PCR is not capable of detecting the presence of new
significant mutations nor can it resolve base sequence details.
Similarly, advances in other detection techniques have provided
methods of obtaining pathogen identification but suffer from some or
all of the problems of using PCR (5-8).         High density
resequencing microarrays can produce variable length segments,
102-105 base pairs (bp), of direct sequence information. They have
been successfully used to detect single nucleotide polymorphism (SNP)
and 30genetic variants from viral, bacterial, and eukaryotic genomes
(9-16). Their use for SNP detection has clearly established their
ability to provide reliable quality sequence information. In most
cases, the microarrays were designed to study a limited number of
genetically similar target pathogens, and for many cases, the
detection methods relied only on recognizing hybridization patterns
for identification (12,14,15,17,18). Taking advantage of sequential
base resolution capability of resequencing microarrays that was
required for SNP detection, resequencing 35has recently been
successfully adapted using a different approach for pathogen
identification of multiple bacterial and viral pathogens while
allowing for fine detailed discrimination of closely related
pathogens and tracking mutations within the targeted pathogen
(19-21). The new methodology differed from earlier work by using the
resolved bases as the query of a similarity search of DNA databases



subtaslcs associated with tasks. Task I carries out filtering and
subsequence selection, and then determines what database records
prototype sequences are most similar to. Task II figures whether
prototype sequence identifications 40support a common organism
identification. Task la does final examination and decisions of the
detected organism from the microarray data. ProSeq: prototype
sequence; SubSeq: subsequences; HybSeq: hybridized sequence.  WO
2006/138182PCT/US2006/022622 F;ig 2 is detailed schematic of the
filtering subtask of Task 1. For each ProSeq, primers region were
masked as N (ambiguous) calls, then UniRate, was calculated from the
HybSeq. For ProSeqs which passed the UniRate requirement, a revised
sliding window algorithm attempted to grow a SubSeq that could be
used as a query     to BLAST. The identity (start location in the
ProSeq and length) of a successfully grown SubSeq was placed in a
5file for batch querying via BLAST.         Fig. 3 is a detailed
schematic of the subtask of Task 1 responsible for organism
identification for an individual SubSeq. Each SubSeq sent to BLAST
returned a list of possible matches contained in a Return array that
was sorted through to find best bit score/expect value pair
(MaxScore). If the MaxScore was greater than MIN (10-
6), all returns that had this best Score were sorted into a new array
Rankl. The detailed decision process described in 10the method
section then the organism of the SubSeq was identified. Fig. 4. is a
schematic of the subtask of Task 1, which determines the organism,
determined for a ProSeq based on the results found for its SubSeq.
All of the SubSeq of a particular ProSeq are compared between to
determine the two best scoring SubSeq. When there was a single SubSeq
or one scored much better than the other,      the ProSeq inherited
the properties of that SubSeq. Otherwise the common taxonomic class
was determined as 15described in the patent text. Fig. 5. Alignment
of the influenza A NA1 ProSeq and A/Weiss/43, A/PuertoRico/8/34
strains. Raw and filtered hybridization chip results of
A/puertoRico/8/34 also shown. * indicate perfectly matched sequences.
MODES FOR CARRYING OUT THE INVENTION 20In the following description,
for purposes of explanation and not limitation, specific details are
set forth in order to provide a thorough understanding of the present
invention. However, it will be apparent to one skilled in the art
that the present invention may be practiced in other embodiments that
depart from these specific details. In other instances, detailed
descriptions of well-lmown methods and devices are omitted so as to
not obscure the description of the present invention with unnecessary
detail. 25As used herein, the term "sequence" refers to a nucleic
acid sequence, such as DNA or RNA, or a protein sequence. As used
herein, "base" and "base call" can refer to either nucleotide bases
or amino acids. As used herein the term "taxonomic" can refer to any
level or class of identification of a pathogen, including but not
limited to, genus, species, strain, and subsfrain. As used herein the
term "reporting" can include transmitting a signal from one
system to another and producing a human-readable report of any form.
All disclosed methods may be computer- 30implemented on apparatus
having the means for performing the methods.         Disclosed is a
new software expert system, Computer-Implemented Biological Sequence
Identifier system 2.0 (CLBSI 2.0), that can successfully use resolved
base sequence information from custom designed Affymetrix
resequencing rnicroarrays to provide a simple list of organisms that



organisms the assay was specifically designed to detect. As used
herein, the sets of probes that represent reference sequence selected
from target pathogen genomes are referred to as a Prototype Sequence
or "ProSeq" for brevity. The set of resolved bases that result from
hybridization of genomic material to a ProSeq is referred to as the
hybridized sequence or "HybSeq". The HybSeq is split into possible
subsequences or "SubSeqs". One portion of 30the algorithm deals with
ProSeq-based organism identification and is handled in three steps:
initial filtering of individual HybSeqs into SubSeqs suitable for
sequence similarity comparisons, database querying of individual
SubSeqs, and taxonomic comparison of BLAST returns for each SubSeq.
At the next level, ProSeqs were compared to determine if they
supported the same identified organism. In the final step, detected
organisms were compared to the list of target pathogens the assay was
designed for in order to determine if any were positively detected.
The 35level of discrimination that a particular sample supported was
automatically determined. Filtering An initial filtering algorithm,
REsequencing Pathogen Identifier (REPI), was developed previously
(20)      and the general concepts with revisions were incorporated
into the current (automated detection) algorithm used in 40the CIBSI
2.0 program. Filtering and subsequence selection were used to remove
potential biasing caused by reference sequence choice, and by other
sources (primers) as well as separate a HybSeq into fragments of  WO
2006/138182PCT/US2006/022622 "signindindFffif faslef" 'This was the
first subtask of Task I in Fig. 1 and is shown schematically in
detail in Figure 2. When PCR amplification was used, microarrays were
hybridized in the presence of only primers to determine locations
where they resulted in hybridization. Any portions of the ProSeqs
that hybridized with the primers were masked as N calls so that the
HybSeq did not contain biased information. For each ProSeq, the ratio
of 5SNPs to the total number of unique base calls, UniRate, was
calculated front the HybSeq. To eliminate HybSeqs with insufficient
hybridization if the UniRate was ..20 % (the SNP threshold), the
ProSeq was considered negative for target organism detection. A
UniRate of 20% indicated that on average there were 5 SNP per 25 bp.
It is unrealistic to expect significant specific hybridization of 25
bp probes with this frequency of differences between an organism
similar to the target pathogen and the reference sequence that the
ProSeq is based on. This would end the 10filtering subtask and return
to the Task I loop, which would examine the next ProSeq. For ProSeqs
with a ratio < 20    a more detailed examination was performed. At
each location of the HybSeq, a revised sliding window algorithm (20)
attempted to grow a SubSeq that could be used as a query to BLAST.
Initially, the first 20 bases (initial length) after a location were
examined. If less than 60% of those bases were ambiguous, N, the
SubSeq entered the extension stage. The SubSeq was extended one base
at a time until the total content of unique base calls fell below
1540% (unique-base threshold) or if a sliding window containing the
last 21 bases had fewer than 4 unique base calls. This was different
from the REPI algorithm in which only the sliding window of 20 bases
was used and growth of a SubSeq stopped when less than 40 % of the
windows content was unique base calls. At this point, the SubSeq was
examined and trailing N calls were removed. At least one location
having 7 contiguous unique base calls was required to meet the word
size parameter of BLAST and to keep the SubSeq for further analysis.



30SubSeq(1)'s organism uniqueness and identified organism. Otherwise
the ProSeq's organism state was TaxAmbig and the identified organism
was the common parent taxonomic class of all the subsequences. If all
subsequences were contained in only two taxonomic classes that were
direct child and parent, the identified organism was the organism of
the subsequences in the child class. The subtask covered in Fig. 4
was completed and the Task I loop continued. A list of ProSeq that
had detected organisms was built up in the Resultl array. 35 Overall
pathogen identification and positive calls       After Task I was
completed, Task II (see Fig. 1) was used to examine the identified
organism values listed in Resultl and grouped them together if they
identified the same taxonomic class. Each entry in Resultl was
examined and a new entry was created in Result2 if the identified
organism did not appear in this list. In most cases, 40the entries of
Result2 represented the individual organisms that were detected, but
might still contain redundant information. Entries in Result2 with
identified organisms where one was the taxonomic parent of the other
might  WO 2006/138182PCT/US2006/022622 hctuallSrt8Preialtlin
m8"pdthagen. The same identification might not have occurred because
the genomic target did not hybridize well to both ProSeq for a
variety of possible reasons. Alternatively, two different but closely
related organisms might both hybridize to the microarray. Although it
was difficult to relate results from separate ProSeqs to each other,
Task III handled the final 5examination and decisions as currently
implemented. The previous tasks were specifically implemented so that
information about what a ProSeq was intended to detect was not
considered. This allowed these lower cases to be capable of
recognizing not just positive and negative but also cases that were
indeterminate. In the final task, the algorithm considered whether
the ProSeqs identified the organisms that they were designed to
detect. Clear negative ProSeqs and ProSeqs that were indeterminate
were considered negative for a target pathogen. The grouping of the
10ProSeqs for this was based upon the grouping already performed in
task II. The entries of Result2 were looped over. The ProSeq of an
entry was used to look up the pathogen in a table that it was
targeted for. If the identified organism of the Result2 entry was the
same as or a child of target pathogen taxonomic class, then the
Pathogen() array was updated with a positive entry for that targeted
pathogen. If the Pathogen() array was null for that pathogen, the
pathogen level identified organism was that of the Result20 entry. If
an entry was already placed in  15 the pathogen, then further
comparison was required. The Result20 and Pathogen entries were
compared. If they had a direct child parent relationship, the
identified organism of the Pathogen was the taxonomic class of the
child. Otherwise the common parent taxonomic class was reported as
the positively identified organism. In most cases where all the
ProSeqs for a pathogen hybridized well, a fine level discrimination
was reported. But if one or more ProSeqs hybridized less well, the
reported positive target pathogen was only identified at the genus or
species level.  20 The results of all 3 tasks were reported so that
manual re-examination was possible. Note that organisms identified in
Task II that did not belong to target pathogens were reported as a
non-target positive return. The details of what was identified in
these cases required examination of Task II level results. Pathogen
Identification 25Chlamydia pneumonia& samples with 10 to 1000 genome



C. pne TA POSITIVE C. pie  VD4 91% 1 (G1)C. pne, TA, 145 C. pie TA
rpoB 80% 2 (G2)C. pne, SE, 307 (G3)C. pne, TA, 73 C. pne SE   100 VD2
100% 1 (01)C. pie, TA, 164 C. pne TA C pile TA POSITIVE C. pie  VD4
97% 1 (G1)C. pite, TA, 156 C pne TA    rpoB 80% 2 (G2)C. pne, SE, 343
(03)C. pie, TA, 87 C. pne SU   100  VD2 83% 1 (G1)C. pie, TA, 136 C
pie TA C. pne TA 



POSITIVE C. pne  vim 91% 1 (G1)C. pne, TA, 145 C pne TA    rpoB 84% 2
(G2)C. pne, 511, 318 (G3)C. pne, TA, 82 C. pie SE   10 VD2 100% 1
(G1)C. pne, TA, 164 C pne TA C pne TA POSITIVE C. pie  VD4 97% 1
(G1)C. pne, TA, 156 C. pne TA    zpoB 90% 2 (02)C. pne, SE, 340 (03)C
pne, TA, 89 C. pie SU   10 VD2 100% 1 (G1)C. pne, TA, 164 C pne TA C
pne TA POSITIVE C pne 



VD4 93% 1 (01)C pne, TA, 148 C. pne TA    moB 11% 0 Null,Null Null,
Null    (01)1138 (BA000008), AR39 (AE002167),Tw-183 (AB017159 ,Cpne
(M69230,AF131889,AY555078,M64064,AF131229,AF131230) 15(02) Cpne
(583995) (03) 3138 (BA000008),AR39 (AE002167),Tw-183 (AE017159) SU
abbreviation for SeqUniqu TA abbreviation for TaxAmbig 20Influenza
and Human Adenovirus (HAdV) were the only pathogens that had ProSeq
selected that would permit detailed strain level discrimination as
discussed in previous work (19,20,21). This previous work using
manual analysis found that the microarray results were in excellent
agreement with the conventional sequencing results for clinical
samples. The results of running the CIBSI 2.0 program using the
updated NCBI database on the raw microarray results were compared to
the previous findings (Table 2). The identified organisms were not
25identical to the original findings due to the difference in
database used. In fact, the conventional sequencing results that were
submitted to NCBI from that work were found for every sample to be
among the returns with the best Score. For 8 of 13 Influenza A and 3
of 12 Influenza B cases, the results of Task land II found that the
conventional sequencing was the single best return and hence the
identified organism. Due to the large number of isolate sequences in
the database for the hemaggluanin gene it was not surprising that in
some cases a single unique entry  WO 2006/138182PCT/US2006/022622
nvOnsinbilcinaf In&tette reinaining 5 Influenza A samples, the other
sequences returned differed by less than 0.2% from the conventional
sequence. The fewer samples with unique isolate identifications for
Influenza B were due to using an older reference sequence for the
ProSeq, which allowed less hybridization to occur (19). This also
meant that when multiple sequences were returned for a sample they
represented greater genetic variation, up to 2%. 5This comparison
represented only the algorithm analysis at the Task I level for the
hemagglutinin (HA) ProSeq, which was the only region conventionally
sequenced. There can be no comparison for Task III results, as the
previous work did not attempt to obtain a consensus from multiple
ProSeq. As a result of the current method of making Task III level
identification, the organism reported at this level was less specific
(113N2 or Flu B) for every sample (Supplemental Table lA and 1B). For
HAdV samples, the algorithm also reproduced the finer scale
10discriminations that had been made previously by manual methods
(not shown). Table 2 -Patho ens identified from HA ProSe Sample name
Strain identification by previous work (16) GenBank accession no. HA3
ProSeq identification by CIBSI 2.0 Gen Bank accession no.
A/Colorado/360/05 A/Nepal/1679/2004 (H3N2) AY945284
A/Colorado/360/05* DQ265717 A/Qatar/2039/05 A/Nepa1/172712004 (H3N2)
AY945272 A/Qatar/2039/05 0Q265707 A/Guam/362/05 A/Nepalll 679/2004
(H3N2) 



AY945264 A/Guam/362/05 0Q265715 A/Italy/384/05 A/Nepa1/1727/2004
(H3N2) AY945272 .A/Italy/384/05 DQ265713 A/Turkey/2108/05
A/Nepa1/1664/2004 (H3N2) AY945265 A/Turkey/2108/05 DQ265718
A/Korea/298/05 A/Nepall1727/2004 (H3N2) AY945273 .A/Korea/298/05
DQ265710 A/Japan/1337/05 A/Malaysia/2256/2004 (H3N2) ISDN110616
A/Japan/1337/05. DQ265712 A/Japan/1383/05 A/Malaysia/2256/2004
(133N2) ISDN110616 A/Japan/1383/05 DQ265711 A/Ecuador/1968/04 A/New
York/17/2003 (H3N2) CY001053 A/Ecuador/1968/04. DQ265716 A/Iraq/34/05
A/Christchurch/178/2004 (II3N2) ISDN110530 A/Iraq/34/05 DQ265714
A/Peru/166/05 A/Macau/103/2004 (H3N2) ISDN64772 A/Peru/166/05
DQ265708 A/New York/2782/04 A/New York/391/2005 (H3N2) CY002056
A/NewYork/2782/04 DQ265709 A/England/400/05 



A/New York/227/2003 (H1N1) CY002536 A/England/2005. DQ265706
B/Peru/1324/04 B/Milano/66/04 AJ842082 B/Peru/1324/04e DQ265728
B/Peru/1364/04 B/Milano/66/04 AJ842082 B/Peru/1364/04e DQ265726
B/Colorado/2597/04 B/Texas/3/2002 AY139049 B/Colorado/2597/04e
DQ265724 B/Japan/1905/05 B/Texas/3/2002 AY139049 B/Japan/1905/05e
DQ265727 B/Japan/1224/05 B/Texas/3/2002 AY139049 B/Japan/1224/05e
DQ265719 B/Alaska/1777/05 B/Texas/3/2002 AY139049 B/Alaska/1777/055
DQ265730 B/England/1716/05 B/Texas/3/2002 AY139049 B/England/1716/05s
DQ265723 B/England/2054 /05 B/Texas/3/2002 AY139049 13/England/2054
/05* DQ265722 B/Hawaii/1990/04 B/Tehran/80/02 A1784042
B/Hawaii/1990/04 DQ265721 



B/Hawaii/1993/04 B/Tehran/80/02 A3784042 B/Hawaii/1993/04e DQ265720
B/Arizona/148/04 B/Tehran/80/02 AJ784042 B/Arizona/148/04* DQ265725
B/Arizona/146/04 B/Tehran/80/02 AJ784042 B/Arizona/146/04" DQ265729
* Multiple returns tied with this return 15HybSeq was split into
multiple SubSeq         The next example of detection for the
Mycoplasma pnewnoniae pathogen demonstrated a case where there was
only a single ProSeq for the target pathogen, which meant that the
identified organism for Task I of the algorithm was automatically the
result of Task If and was the only ProSeq considered in Task III for
this targeted pathogen. This ProSeq was also not optimal for fine
discrimination because it was selected from a highly conserved
20region (345 bp) of the cytadhesin P1 gene. 40 microarrays were
tested with the same purified nucleic acid stock and  WO
2006/138182PCT/US2006/022622                          one recognized
substrain taxonomic database entries tied for MaxScore. To better
understand these returns, the database sequences were examined and
subdivided into three groups of sequences, A, B, and C, based on how
well they matched the reference sequence used to make the ProSeq. The
placement of the database entries into the three groups was
determined from a CLUSTAL alignment of the  5 sequences of this gene.
This alignment confirmed that the database entries differed
significantly more from each other in regions not represented by the
ProSeq and contained sufficient variability that would have allowed
finer discrimination. Members of Group A exactly matched the ProSeq
and could not be distinguished between on the microarray. Similarly,
members of group B matched the ProSeq except at the 199th position
where the base called was C rather than T. Group C sequences
contained a few database entries that were more variable and might be
10distinguished from other entries within the ProSeq. For the 40
experimental tests of M. pzeumoniae, as much as 95% of the ProSeq
hybridized, yet only 65% of the results had an unambiguous base call
at the 190 position. When it was unambiguous, it always matched group
B sequences. In the cases where an N base call was made at the 199th
location, both groups A and B sequences were returned with the same
score. Regardless of this, the target pathogen positively identified
was At pneumoniae for every sample tested. 15These examples showed
how decisions were made independent of whether single or multiple
ProSeqs were dedicated to a target pathogen. They also illustrated
that the level of discrimination possible was strongly determined by
the quality of the selected ProSeq. It is possible that for some
pathogens fine level discrimination is not required and the currently
tested selections on RPM vl would provide satisfactory information.
The CIBSI 2.0 algorithm demonstrated its capability to automatically
report the maximum level of discrimination that could be 20supported
by the HybSeq information. Genetic Near Neighbors         To
demonstrate how the algorithm handled closely related genetic
species, a sample of a non-targeted pathogen was considered. For
Variola major virus, one of the biothreat pathogens on the RPM v.1,
the validation 25runs demonstrated that Variola major virus DNA
templates were always positively identified when detected. The array
has two ProSeqs from hemagglutinin (VMVHA, -500 bp) and cytoldne
response modifier B (VMVermB, -300 bp) genes for Variola major virus
detection. Table 3 shows the results for each ProSeq of 18 runs where
a close neighbor, Vaccinia virus, was spiked into nasal wash at
various concentrations. The percentage of the ProSeq that hybridizes



identifies % identifies 5*107 77.9 Vaccinia virus 29.4 Orthopoxvirus
Orthopoxvirus 5*107 79.8 Vaccinia virus 25.7  1.6* 107  79.4 Vaccinia
virus 14.8   77.5 -1.6*107  Orthopoxvirus* 24.5 - 1.6+107  76.8
Vaccinia virus 21.6  1.6*107  74.5 Orthopoxvirus* 17.3   77.9 -5*106
Vaccinia virus 25.7 - 5*106  78.3 Orthopoxvirus* 22.0 - 5*106  73.0
Vaccinia virus 13.0 - 



5*106  73.4 Orthopoxvirus* 7.8   75.3 -1.6*106  Orthopoxvirus* 8.6 -
1.6*106  49.8 Vaccinia virus 6.6 - 1.6*106  65.5 Orthopoxvirus* 10.0
- 1.6*106  62.9 Ortho  oxvirus* 8.2 - 5*105  58.4 Orthopoxvirus* 9.0
- 5*105  56.2 Ortho . oxvirus 8.0   49.0 -5*105  Orthopoxvirus 9.3
44.6 -5*105 Orthopoxvins 7.8 -  * - only neighbor species within
Orthopoxvirus and not Variola major or Variola minor viruses CFU -
colony forming units 5Filtering         This example demonstrated the
importance of the filtering portion of the algorithm by considering
the HybSeqs of the ProSeqs for the H1N1 neuraminidase (NA1) and
matrix genes from human Influenza A/Puerto Rico/8/34 (111N1) strain.
Filtering was necessary because sending the HybSeq of a ProSeq to
BLAST in a single query can bias the scores against strains that have
insertions or deletions relative to the ProSeq, especially when
10using BLAST parameters that maximized the use of base calls. The
sliding window test was the portion of the 



algorithm that controlled filtering. If filtering were turned of the
entire HybSeq would be used in a single subsequence for two influenza
ProSeqs that showed significant hybridization. A/Weiss/43 (H1N1)
strain was identified as the most likely strain from the HybSeq of
the NA1 ProSeq while the HybSeq of the matrix ProSeq correctly
identified A/Puerto Rico/8/34. To better understand the source of
biasing, CLUSTAL alignment of the 15NA1 gene of the two strains and
the reference sequence used to make the ProSeq are shown in Fig. 5.
The two strains showed 95% identity (67 mismatches in 1362 aligned
bases); however, there was a stretch of 45 bases inserted in both
A/Weiss/43 (SEQ ID NO.2) and the NA1 ProSeq (SEQ ID NO.1) compared to
A/Puerto Rico/8/34 (SEQ ID NO.3). With the default filtering on, the
NA1 ProSeq was split into five SubSeqs as the algorithm encountered
large stretches of no calls. In Task I, the algorithm determined that
three of the SubSeqs, which were 20shorter, had an identified
organism of H1N1 as several isolates including A/Puerto Rico/8/34
tied with the best score, while the two other SubSeqs had an
identified organism of only the A/Puerto Rico/8/34 strain as being
the closest match. The organism identified by the NA1 ProSeq was
A/Puerto Rico/8/34 because one of the SubSeqs had a much higher
score. This ProSeq supported the same strain identification made in
the matrix ProSeq. The organism identified was A/Puerto Rico/8/34
because two ProSeqs detected only that organism. The correct target
25pathogen was detected with filtering while without filtering the
target pathogen level of identification would have  CaWO
2006/1,38182tanPCT/U82006/022622 .;;1;16'eciAlitglaCI.A.1(MN:1
irtiSe) because two organisms were detected, A/Puerto Rico/8/34 and
A/Weiss/43. Splitting the HybSeq into SubSeqs to remove biasing may
reduce the level of identification as occurred for the three of the
five SubSeqs in this case. The previous example for Vaccinia was
another instance where the wrong species (Camel Pox or
Callithrbcjacchus) identification would occur if the filtering was
not used. Clinical samples in Table 52 showed that HybSeqs split into
multiple SubSeqs were capable of very specific identification.
As a minor point, when multiplex strategies rather than generic were
used for amplification, it was necessary to perform additional
filtering to remove potential biasing from the specific primers as
described in the methods. Fig. 5 has the raw (SEQ ID NO.4) and mask
filtered (SEQ ID NO.5) results for the hybridization of A/Puerto
Rico/8/34 to show an example of this interference. There is in
addition to the problem with biasing for the 10reasons described
before a sequence of 18 bases present in the raw result that after
filtering have been made N since they are in a location that
interacts with the primers. If these base calls were included in the
subsequences constructed, the query for the ProSeq would favor an
incorrect strain.         The algorithm successfully provided
pathogen identification to the maximum level of detail possible
(species or strain) depending on the quality of each ProSeq. This
identification capability requires minimal input on 15the identity of
the pathogens making non-expert use feasible. The crucial feature
incorporated that allowed complete automation was the use of
taxonomic databases, which classify organisms into ordered groups and
provide relationships between organism entries, allowing removal of
redundancies, comparison of different related prototype sequences,
and simplification of data presentation. This allows databases, i.e.



30$unam=""; $i=0; while($i<=$#Artcv) if(index($ARGv[W,"-")+1)
if(substr($ARGv[$1],1) eq "file") { 35$unam=$ARGv[$41]; $i++;
elsif(substr($Amv[$i],1) eq "debug") { $debug=$ARGv[$i+1]; $i++; 1
$i++; 40else 1 1$i++; 1 if(-s $unam) 45if (($1=index($unam,"."))+1) {
$1np=substr($unam,0,$1);  else { $inp=$unam; 1 50$rmfst=0; if(!($unam
eq join("",$inp,".fst")))coPY($unam,join("",$inp,".fst")); $rmfst=1;
$time="/usr/bin/ltime";       $ftime=join(",$inp,".tim"): 55unlink
$ftime;  WO 2006/138182PCT/US2006/022622
PT:11-ScR&MIUtYf'srEoFePi'-fnp $inp -debug $debug";
$inp2=join("",$inp,"b1"); system "echo Blasting $inp2 " $ftime";
system "$time -a -o $ftime ./runblast $nq -inp $inp2 -W 11";
5$1np2=join(",$inp,"b2"); system "echo Blasting $inp2 " $ftime";
system "Stime -a -o $ftime ./runblast $nq -inp $inp2 -w 7"; system
"echo Identifying $inp " $ftime";       system "$time -a -o Mime
./dbparse -inp Sing -debug $debug -targ 0 > 10$inp.err 2>&1 "; unlink
(join(",$inp,".fst")) if($rmfst); else {         Trint "Filename not
found: $unam\n"; 15exit; fstorepi 20#1/usr/bin/perl my $win=20; my
$probe=21; $debug=0; 25$mci=0; $i=0; while($i<=$#ABGv) {
if(index($ARGq$1]1"-")+1) {         if(substr($ARGVD-0,1) eq "inp") {
30$unam4AeGv[$i+1]; $i++; 



elsif(substr($mmi[$i],1) eq "debug") { $debuq=$ARGv[$1+1]; }
elsit(substr($ABGVM,1) eq "snp") { $mci=$ABGV[$41]; 35} $i++; 1 else
{ $1++; } 401 $ch=join(",$unam,".fst"); if(1(-s Sch)) { print
"Filename not Found: $ch\n"; exit;} Mmi=();
if(open(INF,"primerhyb.dat")) { 45while($1ine=<INP>) { @a=split(" "
Vine); $hmi{$a[0]1{$a[371{str}=$a[1]; $hmi{$a[0]}{$a[3]}{beg}=$a[2];
1 501 close(iNe); $ch=joinc",$unam,".fst"); system("/bin/ls $ch >
flist"); open(/NP,"flist"); 55 @mast=<INF>; close(INIF); unlink
"flist"; chomp @mast; $search=">"; 60$Input="chip1tile.fasta";
open(INF,$input) II die; @inplist=(); while($1ine=<INF>) { $line=-
trAcM/ /; push(@inplist,$line);} close(me); 65chomp @inplist;
@inchip=filterparse(Winplist); for $Input (@mast) { print "parsing
$input\n" if($debug);
$Output=join("",">",substr($1nput,0,-4),"bl.blai");
70$outpu2=join(",">",substr($input,0,-4),"b2.blai");
open(INF,$Input);  WO 2006/138182PCT/US2006/022622
PCM10447-Xibitan5iine while($line=<INP>) f $line=- trAcM/ /;
push(@inplist,$line); 1 close(INP); chomp @inplist;
5@in=filterparse(\@inplist);
frcdet($mci,substr(Unput10,-4),\%hmi,@inchin,@in);
(Solist,$o11s2)=filter($win,$probe,\%hmi,@in);     open(00T,$output);
print OUT $01ist; 10close(OUT); open(cur,$outpu2); print OUT $01152;
close(OUT); 1 15exit; sub filterparse { my ($inplist) = $j=0; my
@name=(); 



20my val=(); while($j<$#inplist+1) { #
if(index($inplist[$1],"AFFX-TagIQ-EX")+1) {$j++;} #
if(index($inplist[$J],"ATTIM")+1) f$1++;1 #
if(index($inplist[$j],"ATNAc")+1) {$j++;}
25if(index($inplist[$j],$search)+1) { $i=0;
push(@name,join("'",split(/ /,$inplist[$j]))); $j++;
30while0(index($inplist[Sj],$search)+1) && $j<$#inplist+1) f
Sinplistf$jJ=- trAcm/ /; for ($inplist[Sj]) { s/A\s+//; sAs+5//;
SAS+/ /g; 1 1 45return(\@name,\@val); sub frcdet { my
(Smci,Sippt$hmijnam3,$val3,$name,$val) =@-; my
$output=join("",">"1$inp,".frc"); 50if($mci) {
open(00T,join(II",">",$inp,".8f1")); } for($j=0;$j<=$#{$name};
Sj=Sj+1) f Sl=indexaSname[W,":"); Scurrent=substr(Uname[Sj],1M-1);
if0(index($current,"AFFx")+1)) { 55print OUT "Scurrent\n" if($mci);
for($1=0;$i<=$#{$nam3};$1=$i+1) { if((index($$nam3[$i],$current)+1))
f$kur4i;  PICT/11115i161122622 for($i=0;$i<=$#ma;$1++) {
ifa(index($mc[$i],$ma($1])+1)) { $mc[$1] =- tr/CATG/catg/;
5if($mc[$1] ne "n" && $mc($i] ne "N") { print OUT $i+1," $mc[$i]\n"
if($mci); 1 1 10$line=join(Thanc); $$val[$j]=$line; 1 close(ouT)
if($mci); 15if($mci) { open(OUT,joinc",">",$inp,".afst")); $j=0;
while($j<$#{$name}+1) { # print "$j $$namepil\n"; 20 print OUT
"$$name011\n"; print OUT "$$val[$j]\n"; $j++; 1 close(OUT); 251
open(ouT,$output); open(001-2,join("",">",$inp,".frc2")); $tocj=0;
$toci=0; $dir=0; 30$outline=""; $outlin2="$Input\n"; for(Sj=0;
$j<=$#{$name};$j=$j+1) { $1=index(Uname[$j],":"); 



$current=substrMnameDj],1,$1-1); 35$cou=0; $cou2=0; $bcou=0;
$1=length($$val[$j]); $cou=tr/n/n/ $cou2=$$val[$1]=- tr/N/N/
$bcou="val[$j]=- tr/c/c/         $bcou4bcou+Mva1[$11=- tr/t/t/); 40
$bcou4bcou+(S$val[$j]=- tr/a/a/); $bcOu-lbcou+Mval[U]=- tr/g/g/);
$1=$1-cou2; $cou=$1-$cou; $fr=$cou/$1*100;
$temp=join("",$outline,sprintf("%s'%s'ing'%g'%g\n",$inp,$current,$fr,
$cou,$ bcou,$1)); $outline=$temp; if($fr>20 && 100*$bcou/($fr*$1).25)
1 50$temp=join(""1$outlin2,sprintfc %14s %5.1f %6g
%69\n",$current,$fr,$bcou,$1)); $outlin2=$temp; 55print OUT $outline;
print OUT? $outlin2; close(OUT); close(OUT2);        unlink
join("",$inp,".frc2"); 60return; Lb filter { my
($win,$probe,$hmi,$name,$val) =@_; my $olist=""; my $olis2="";
65for($jm=0;$jm<=$#{$name};$jm++) { my $tmolist=""; my $tmolis2=";
if(index($$name[$:jm],"AFFx-TagIQ-EX")+1) {$$valDjm]="";}
if(index($$name[$1m],"ATTIm")+1) {lival($jm]="";}
if(index($$name[$jm],"ATNAc")+1) {flval[$jm]="";} 70my @nuse=();
$$val[$jm]=- tr/cTAGn/ctagN/;  WO 2006/138182PCT/US2006/022622
"if""mtpr;,..1 pat      use Splitti/-,$$I)alE$1ml); my $nummat=0;
$mkey=substr(flnamernm],l,index($$name[$jm],":")-1); If( exists
${$hmi}f$mkeyl ) 5for $skey (keys %{$$hmi{$mkey}l ) {
$1en=length(Whmil{smkeY){$skey}fstr1); if($1en>2) {
$beg=${$hmi}f$mkeylf$skey1{beg}-1; $end=$beg+$1en; 10if($end>$#use)
flend=$#use;} for($j=$beg;$j<$end;$j++) { $use[$j]="N"; 1 1 1 1
15for($j=0;$j<=$#use;$j++) f if(!($use[$j] er1 "NI)) f
Push(@nuse,"1"); $nummat++;  I else { push(@nuse,"0");} my $pri=0;
20if($nummat>20) { for($j=0;$j<=$#use;$j++) f #if($nuse[$j]==1 &&
$nuse[$j+1]==1) { 



ifUnuseDj]==1) { my $current=substr(HvalDjm1,$j,$win); 25my $score=1;
my $zscore; for($k=$j+1;$k<$)4win;$k++) { $score=$score+$nuse[$k]; 1
if($score>4 && 1(index($current,"NNNN")+1)/ f if($score>4) { 30my
$len=$win; if($probe>$win) f while($lendprobeWscore/$1en>.4) { $k++;
$len++; 35$score4score+$nuseDk1; } $zscore=$score; 1 else f
$zscore=$score; 40for($j1=$k-Swin;$j1<$k-$probe;$j1++)
{$zscore4zscore-$nuseDj1];} 1 while($score/$1en>.4&&$zscore>3 ) f
$k++; $len++; $score=$score+$nuse[$k];
45$zscore=ftscore-$nuse[$k4probe]+$nuse[$k]; 1 $len--; $j1=$j+$1en-1;
ifanuse[$j1].1 && ($nuseDj1-1]+$nuseM1-2]+$nuseDj1-3]+$nuse[$j1-
4])<1) f 50$j1--; $len--; whi1e($nuse[$j1]<1) f $j1--; $len--;
if($nuseDj1]==1 && anuseM1-1]+$nuseDj1-2]+$nuseDj1-3]+$nuseDj1-
5543)<1) f sji--; $len--; 1 1 $current=substr($$val[$jm],$j,$len);
60if( $currentm/[ctgacicA1171/ ) { if($1en>100) f $pri++;
if($score>80 && $current =- m/[clacTGA]{11}/) {
$tmolist=join("",$tmolist,$$name $jm],":",$j,"\n",$current,"\n")1 651
else {
$tmolis2=join("",$tmolis2,$$nameMm],":",$j,"\n",$current,"\n"); 1 1
elsif($1en>30) f 70if( $score/$1en >= (.95-.25*($1en-30)/(70.))) f
WO 2006/138182PCT/US2006/022622 P11-1-711S1144:(064502&
scurrentm/[ctgacTGA]{11}/) f  $tmolist=joinc",$tmolist,UnameMmi,
:",$j,"\n",$current,"\o"); I else {
$tmolis2=join("",$tmolis2,$$nameE$A,":",$j,"\n",$current,"\n"); 



51 I elsif($1en>20) { if($score/$1en>=.95) f 10
$tmolis2=join("",$tmolis2,$$name[$jm],":",$j,"\n",$current,"\n"); I
else f 15$j=$k-($win-1); 1 201 1 if(8pri>1) {
$olist=join("",$ollst,$tmolist); $01is2=join("",$olls2,$tmolis2); 25}
elsif($Pci>0) $olist=join("",$olist,$tmolist); my
@a=split("\n",$tmolis2); if( $af17 =- mactgacTGA]{11}/) 1
$olist=join(" ,$olist,$tmolis2); 301 1 1 return ($olist,$olis2); 35
runblast    #1/usr/bin/perl 40 # -a- pen l -k# # pen l script to
handle filtering originally implemented in JAVA REPI and carry out
blastall # created 7/12/2005 - For xserve cluster so execution of 45
#blast search done through SCE job queue use File::copy; {
50$user=getlogin(); my $debug=0; my $noque=1; my $srcdir="./"; my
$tmpdir="/common/scratch/repi/"; 55my
@in,$eltime,$Input,$infile,$outfile,$insge,$outsge,$errsge,$idsge,$cm
de,$cmdf ,$cmdw,$cmda,$cmdo,$cmd,$cmdb,$cmdfi,$err;
$ENviSGE_RoOT1="/common/sge";       # Extract the command line
options for this script the ones to be passed to 60blastall. my
%param=(); $cmdblast="/common/bin/blastall"; $paramfel="0.0001";
$paramfF1=join(","\\\"","m 0","\\\" ");; 65$param{W}="7";
$paramfml="8"; $paramfrl="1",; $paramfql="-11; $param{b}="750";
70$paramfdl="/common/data/nt"; my $php=0;  WO
2006/138182PCT/U82006/022622 PeirdiARNSIAiliii622 my Swin=0; Si =0;
while($i<=$#ARGv) f 5if(index($ARGV[Si],"-inp")+1) f
$Input4ARGVESi+1]; $i++; 1 elsif (index(SARGv[Si],"-debug")+1) f
Sdebug4ARGv[Si+1]; $1++; 



1 elsif (index(SARGv[Si],"-usequ")+1) f 10$noque.0
if(index(SARGv[Si+1],"y")+1 II index(SARGv[Si+1],"v")+1); $i++; 1
elsif (index($ARGV[Si],"-")+1) f if(substrOARGV[Si],l) eq "F") { ,
if(SARGV[Si+2] eq '-u") f
Sparam{substr(SARGV[$i],1)1.join("","\\\"",$ARGv[Si+1],"\\\"
15",$ARGYESi+2]); $i=$42; 1 else {
Sparam{substr(SARGv[Si],1)1=joinc","\\\"",SARGV[Si+11,"\\\" "); $i++;
1 else { 20$paramfsubstr($ARGyDil,1)14ARGq$41]; $i++; 1 1 $i++;
25print "beginning repiv2 with input filename SInput\n" if($debug);
if($noque) f Sinfile=join(U",$Input,".blal");
Soutfile=join("",$input,".blao"); $cmd="$cmdblast -p blastn $infile
-o Soutfile"; 30for $mkey (keys %param) 1 Scmd=join(",$cmd,"
-",$mkey," ",$paramf$mkeyl); 1  Run command system"$cmd"; 351 else f
construct names of required files and remove preexisting versions of
files # files for final report my
$errfile.join(",$srcdir,$Input,".err"); unlink Serrfile; 40unlink
join(m,Ssrcdir,Sinput,"Jolao"); # files for blast command Sinfile =
join("",Stmpdir,SInput,".itmp"); $outfile =
join("",Stmodir,Sinput,".otmp"); unlink ($infile,Soutfile); 45 #
files for batch queue Sinsge=joinc",scgisge-",$Input); opendir (DIR,
Stmpdir); $a=join(","cgisge-",$Input); ffiles=grep f /$a/ 1
readdir(oIR); 50unlink (Stmodir.$_) for (@files); closedir(oIR);
$insgerloin(",Stmodir,Sinsge); $idsge=join(".",Sinsge,"id"); # check
for error in parameters list 55# errordie(Serrfile,Serr,Sphp) if
($err); if(!( -s join("",Ssrcdir,SInput,".blai"))) {
copy(joinc",Ssrcdir,$Input,",blai"),join("",$srcdir,$Input,".blao"));
exit; 1 60 # create input blast file
copy(join("",$srcdir,$Input,".blai"),Sinfile); # join list of
variable parameters to Basic command with input-output file names
$cmd="$cmdblast -p blastn$infile -o $outfile"; 



65for $mkey (keys %param) f $cmcl=join("",Scmd," -",Smkey,"
",$paraml$mkey1); 1  Run command  additional code required to
generate results working through sge 70open (OUT, ">Sinsge") or
errordie($errfile,"Failed to write batch queue script\n
Sinsge\n",$php);  WO 2006/138182PCT/US2006/022622 t". filo in
.Mili"#:Aliqbch/perl \n"; print OUT "system(\"$cmd\"); \n"; print OUT
"open(oUT,\">$idsge\"); \n";       print OUT "print OUT
\"\$ENV{JOB_Ip}\"; \n"; 5print OUT "close OUT; \n"; close OUT;
($sec,Smin,Shour,Sday,$month,$year,$dweek,$dyear,$dsave)=localtime(ti
me);   $eltime= join(","Summary of results\n refer to .blao file for
raw blast results\n Start 10$i='/common/sge/bin/darwin/qsub -sync y
-o $tmpdir -e $tmpdir -5 /usr/bin/perl Sinsge ; @a=split(" ",Si);
Sid=$a[2]; Soutsge=join("",Sinsge,".o",$id);
Serrsge=join("",$insge,".e",$id); 15unlink (Sinsge,$idsge);
(Ssec,Smin,Shour,$day,Smonth,$year,Sdweek,Sdyear,$dsave)=localtime(ti
me); Seltime= join("",$eltime," END ",$hour,":",$min,":",$sec,"\n");
# print the output to the file if ( -e $outfile ) {
20move($outfile,join("",$srcdir,$Input,".blao")); # remove input and
output files   unlink ($outsge,Serrsge,$infile,$outfile); 1 else f
open(OUTFILE,"$errsge"); my @errput = <OUTFILE>; close OUTFILE;
25$err= join "", @errput; # remove input and output files
errordie($errfile,$err,$php); 1 1 30exit; Lb errordie f my
($file,Serr,$php) =        open (INP,">$file") or die "can\'t open
file error file"; 35print INP "ERROR:\n $err"; exit; 1 40 dbparse
#I/usr/bin/perl # -*- perl -*- # 45use strict; use warnings; use DIU;
my Susetarsuc=1;      my $boUnd=le-6; 50 my $debug=0; my $unam=""; my
$i=0 



while($1<=$#ARGV) { if(index($ARGv[$i],"-")+1) f
55if(substr($m.Gvrn],l) eq "inp") f $unam=$ARGv[$i+1]; $i++; 1
elsif(substr($ARG<$17,1) eq "debug") f $debug=$ARGV[$i+1]; $i++;
1 elsif(substr($ARGVC$17,1) eq "targ") { 60$usetarsuc=$ARGv[$i+1]; 1
$i++; else f $i++; 65 my $chippatho="chiplpathogengroups";  open
(INP,$chippatho) or die "Failed to open input file $chippatho\n"; my
%patho=(); my Vine; 70while($line.<INP>) f $line=- trAcm/ /;  WO
2006/138182PCT/US2006/022622 /011S tprplic;trA41 Ciffro my
ga=split("'",$line); for(my $1=1;$1<=$#a;$1++) { my
gb=splitC",",$aDill; 5my $c =joinC",",",$b[1],",");
$pathol$a[011f$clfnamel4b[0]; $pathol$a[0]}{$clistatl4b[2]; 1
10close(INP); Schippatho="targets.runs"; open (INP,$chippatho) or die
"Failed to open input file $chippatho\n"; my $temptar=0;       my
%target=C); " 15while($line=<INP>) t tr/\cm/ /; chomp $line; my
ga=split("'",$line); for(my $1=1;$i<=$#a;$i++) f 20my
gb=split(",",$a[$1]); my $c =join("",",",$b[1],",");
$target{$a[0]}{$c}fnamel4b[0]; Stemptar=1 if(index($unam,$a[0])+1); 1
25} if($usetarsuc && 1$temptar ) {   $usetarsuc=0; print "have not
indicated target for $unam\n"; 1 elsif(!$usetarsuc && Stemptar ) {
print "have indicated target for $unam but not using\n"; 301
close(INP); $chippatho="chipitaxexempt"; my %taxexempt=();
if(open (INP,$chippatho)) f 35while($line=<INP>) { $line=- trAcm/ /;
chomp $line; 



my ga=split("*",$line); StaxexemptUa[0]}=$a[1]; 401 close(INF); 1
else { Print "No $chippatho file\n"; 1 45my
gmast=(join(",$unam,".blao")); my $dbh=openconnectionC); for my
$input (gmast) { my @a= sp1it("/",substr($Input,0,-5)); my
$sInput=$a[$ta]; 50if(! exists $target{$sinput}) {
$targetUsInputI111{taxid1=-99g; $targetf$sinputlflIfname)="unknoimi";
1 print "parsing $Input \n" if($debug);
55outfilter(substr($Input,0,-5),$$Input,my
$eltime,\%patho,\%target,\%taxexempt,$bound) ; closeconnection($dbh);
exit; 60sub outfilter { use strict; my
C$Input,$$Input,$eltimejpatho,$target,Staxexempt,$bound) = g ; my
%ha=(); my %iha=(); 65my %liac=(); my
$0utput=join("",">",$Input,".rdb"); my Orclist=0; my $line;
if(open(INP,join("",$Input,".frc")) ) f while($line=<INP>) f
70$line=- trAcm/ /; chomp $line;  WO 2006/138182PCT/US2006/022622
PC:1-416UMEORkkieriWne); $frclist{$a[1]}{Per}=$a[2];
$frclistf$a[1]}{mat}=$a[3]; $frclist{$a[1]}{mis}4a[4];
5$frclist{$a[1]}{len}4a[5]; 1 close(INP); 1 unlink Mist"; 10unlink
"flisterr"; my $ch=join(",$Input,"b?.blai ",$Input,".blai");
system("((bin/ls $ch > flirt) >& flisterr"); open(INP, 'flist"); my
@mast=<INP>; 15close(INP); unlink "flist"; unlink "flisterr"; chomp
@mast; my @inplist=(); 



20if(1@mast) f print "Files for $Input not found\n"; exit;} for my
$Inp (@mast) { open(INP1$1np); whilernine=<INP>) f $line=- trAcM/ /;
25push(@inplist,$line); close(INP); 1 chomp @inplist; 30my $j=0; my
$sear=">"; while($j<=$#inplist) f if(index($inplist[$j].">")+1) {
my $mkey=substrUinplist[$17,1,index($inplist[U],":")-1); 35my
@a=split(" ",$inplist[$j]); my @b=sp1it(":",$a[0]); my $mnkey=0;
$mnkey=$b[2] if($#b>1); $j++; 40my $temp=""; my $temp2=$temp;
while($j<$#inplist+1 && l(index(Sinplist[U],$sear)+1) ) {
$inplist[$V-- tr/\cM/ /; for ($inplist[$j]) f 45S/A\s+//; sAs+$//;
s/\s+/ /g; 1 $temp2=join("",$temp,$1nplist[$fl); $j++; $temp=$temp2;
501 $temp=- tr/catoN/cATGn/; $ihaf$mkey1f$mnkey1= $temp; else f $j++;
WO 2006/138182PCT/US2006/022622 INCIrlagglaTIMEMEN:2! chomp @inplist;
$j=0; 5while(Sj<=$#inplist) f my
Smkey=substrainplist[$11,0,index(Sinplist[Sj],":")); my @a=split("
",$inplist[SA); my @b=split(":",$a[0]); my $mnkey=0; 10Smnkey=Sb[2]
if(S#b>1); my @temp.split(/\l/,$a[1]); my Sskey=Stemp[Utemp]; Vine=
$skey; my $gi=-1; 15if(index($a[1],"gi\l")+1) { Sgi=Stemp[1];
Sline=Stemp[3]; Sskey.$gi; if((my $i=index($skey,"\."))+1) {
Sskey.substr($skey,O,Si); } 



20 chomp $skey; Shaf$mkeylfUnkeylf"Sskey"lflinel.Sline;
Shaf$mkeY/{Unkey}{"Sskey"}fscorl4a[11];
ShaiSmkeylfSmnkeylf"Sskey"l{eval]=Sa[10];
25ShafSmkeylfSmnkeylf"Sskey"lfgil=Sgi; my
Stemp=substraihaf$mkeylf$mnkey1,($a[6]-1),(Sa[7]-$a[6]+1));
Sa[6]=Sa[6]+$mnkeY; Sa[7]=$a[7]+SmnkeY; shift @a; 30$a[0]=$a[1];
Sa[1]=$a[2]; Sa[2]=Sa[3]; $a[3]= Stemp=- tr/nN/nN/;
Shaf$mkeylfSmnkeylf"Sskey"lfoutl.joinc $j++; 35} foreach my $mkey
(keys %ha) f my
(Ssec,Smin,Shour,Sday,Smonth,Syear,$dweek,$dyear,Sdsave); my @low=();
foreach my $mnkey (sort keys %{$haf$mkeyl}) f 40foreach cline (sort
keys %1ShafSmkeylfSmnkey11) f if(ShafSmkeylfUnkeylf$1inelfoil<0) {
SliacfSlinel="-1-No database entry"; else f
push(@low,ShafSmkeylfSmnkeylfSlinellgil) if(! exists Si-lac-WI-1nel);
451 1 1 if(1) { for my $giid (@low) f 50my Staxid= taxfromgi($giid);
if( $taxid >-1 ) { my Sch = taxparents(Staxid);
if(I(index(Sch,",28384,")+1)) { my @a=sp1it(i,/,substrUch,1,-1));
55my $comname.7common/bin/fastacmd -d /common/data/nt -s $giid -L
0,3;  @a= split(" ",Scomname); shift @a; Scomname.join(' ",@a);
@a=split(";",$comname); my @b=split(",",$a[0]); Scomname= $b[0];
60SliacfSgiidl.join("'",Staxid,taxname(Staxid),Scomname,Sch); 1 else
{ Sliac{Sgiid}=-2; else f 65#print "no tax for gi $glid\n";
$liacf$giidl="-l'No database entry"; 1 else f 70use Bio::seq; use
Bio::o13::GenBank;  WO 2006/138182PCT/US2006/022622
59EM/MEWEI,OiAliaig::Geneank(); my $segio=(); $segio =
$gb->get_stream_by_id([@low]); while((my $seql4segio->next_seg())) f
5if($seql->alphabet() ne 'protein') f $line4seql->primary_id(); 



my $spe4seql->species(); my $ch=join(";",$spe->classification());
if0(index($ch,"artificial")+1)) { 10my @a=split(";",$seql->desc());
my @b=split(",",$a[0]); my $comname= $b[0]; my
$taxid=$spe->ncbi_taxid();
cliac{$1ine}.join("'",$taxid,$spe->common_name(),$comname); 151 else
f $liac{$1ine}=-2; 1 1 20 for $line (@low) f if(! (exists
$llacf$1inel))f $liacf$1inel= -1'No database entry"; 251 1
open(ouT,$output); my
($sec,$min,$hour,$day,$montyyeart$dweek,$dyear,$dsave)=localtime(time
); $eltime= join("","Time ",$hour,:",$min,":",$sec," pate
30",$month+1,"/",$day,"/",$year+1900,"\n"); my $1time-
sprintf("%02g:%02g:%02g;
%029/%02g/%49",($hour,$min,$sec,$month+1,$day,$year+1 900)); print
OUT $eltime; 35print OUT " (Probe name Experiment name run
version'taxid'common name oescription.pathogen match -target
match'Accension number 91number'%identity alignment
length'mismatches'nonN nismatchesgaps
st.starest.end'fs.start-fs.end'e-value%,bit score ranktime;oate)\n";
40my %subtile=(); my %tilerslt=0; foreach my $mkey (keys %ha) {
foreach my $mnkey (sort keys %{$hafkkey1}) { my %alkey=(); my
$currank=2000000000000; my $rank=0; 45my $maxrank=0; my $scale.1.0;
foreach $line (sort 1 $haf$mkeylfUnkeyrnblfscOrl <=>
$hafkkeylfUnkey1{$a}fscorll keys %{$hafkkeyrnmnkeyll) {
$maxrank4hafkkeyrnmnkey].{$1ine}fscorl; last; 50foreach Vine (sort {
Shaf$mkeyrnmnkeyMblfscorl <=> $ha{$mkey}fUnkeylpalfscoril keys
%{$haf$mkeyrnmnkey11) { my @a=split("
t$haf$mkeylfUnkeylfflinelloutI); my $outl="$a[1]
$a[2].$a[3].$a[5].$a[6]'$a[7]'$a[8]-$a[Sita-1] $a[$#a]": my
$out2=join(' ",@a); 55my @taxinfo=split("",$liacf$1inel); my
$tilsuc=-1; my $tarsuc =0; if(exists $liac{$1ine} && Staxinfo[0] >
-1) { my $taxin = $taxinfo[3]; 60for my $tarkey (sort
frnpathornmkeyrnalfstatl<=>$1$pathornmkeyMblfstatilkeys
%{${$patho}{$mkey}l) if(index($taxinfor3],$tarkey)+1) 1
$tilsuc=rnpatholfkkeYlatarkeylfstatl; 65 #$taxin
4{$patho}{kkey}{$tarkey}{name}; last; } 1 



if(Susetarsuc) 70for my $tarkey (keys %{${$targetlf$SInput1}) {
if(index($taxinfo[3],$tarkey)+1) f  WO 2006/138182PCT/US2006/022622
ubstr(Starkey,1,-1)>0); last; 1 1 5
if(SbalSmkeY1{Smnkey}{Sline}fscorI<Scurrank) { $rank++;
ifacurrank*Sscale<ShafSmkeyllSmnkey1{Sline}fscorI) {
Scurrank=Scurrank*Sscale; 10} else f
Scurrank=ShaamkeylfUnkeylfSlinel{scor}; 1            if($rank ==1)
Wank++ if(Shaf$mkeY1{Smnkey}lSlinelfevall>Sbound);} 15my Suni=0;
if(exists Salkey{Srankl) f if(exists Salkey{Srank}iStaxinl) 1
Salkey{Srank}{Staxin}icountl++;
20Salkey{Srank}IStaxinl[outl=join(",",Salkey{Srank}{Staxin}foutl,Shal
$mkeylUmn key11$1inelflinel); else { Suni=1;
Salkey{Srank}fStaxini{count}++;
Salkey{Srank}{Staxin}foutl="Staxinfo[1]
'ThafSmkeyI{Smnkey}fSlineIllinel"; 1 }else { 30Suni=1;
Salkey{Srank}IStaxinlfcountl++;
Salkey{Srank}{Staxin}ioutl="Staxinfo[1].Staxinfo[2]'Staxinfo[3]'Sti1s
uc'Sout1 -SbalSmkeyilSmnkey)1Slinelllinel"; 35 print OUT "$mkey
SSInput'primary'Staxinfo[Ofltaxinfo[ifltaxinfo[2].Stilsuc'Starsuc'Sh
afkkeyliSmnkey1{Sline}flinel-Sha{Smkey}iSmnkeyllSlinellgil-Sout2'Sran
k'Suni $1time\n"; 401 1       # subsequence $rank=1; if( exists
SalkeyWankl ) { 45my $detect="-1"; my @cliP=(); my Stcomp; for my
$key2 (keys %{Salkey{Srank}l ) { my
@a=split(r/,SalkeyOrankl{Skey2}foutl); my @b=split(/,/,Sa[2]); 50if(
!exists SiStaxexemptl{Sb[$#b]) ) 1 if(@clip) I my $i=0; if($#b <=
$#clip) {                if(($detect ne "TAXAMBIG") && ($b[S4b] ==
$clip[$#b])) 55Sdetect="TAXUNIQU"; 1 else f while(($i<=$#b &&
Si<=$#clip) spliceOclip,S1); Sdetect="TAxAm0IG"; 60 



) else{ if ( $detect ne "TAXAMBIG" && Ob[Siklip] == Sclip[Sticlip]))
{ Sdetect="TAxuNalu% @clip=split(/,/,Sa[2]); 651 else {
while(($1<=$#b && $i<=$#clip) && Sb[Si] eq $clip[$i]) { $i++;
splice(@clip,S1); Sdetect="TAxAmBIG"; 70 } else {  WO
2006/138182PCT/US2006/022622 PCM/linSWAP:ii;AkklAIX$a[2]);
$detect="smuNIqu"; $detect="TAxuNiqu" if($a1keyWanklUkey211countl >
1); 1 51 1 $subtilef$mkey1f$mnkeylfdetectl4detecti
$subtilef$mkey1{$mnkey}ftaxl=loin(""(","",");
$subtileUmkey1fUnkeylfoutl=join("1, ,"subseq. of $mkey $detect
10",taxname($clip[$#clip])," st:$mnkey\n");
$subtilef$mkeylfUnkeylfoutl=joln("",$subtilef$mkeylf$mnkeylfout},"
Rank $rank "); my $tempout=""; my $tempou2=""; 15for my $key2 (keys
%{$alkeyWank1} ) f   my @a=split(r/,$a1keyWanklf$key2lfoutl);
$subtilef$mkeylf$mnkeylfnamel=$a[1] if(! exists
$subtilef$mkey1fUnkeylfnamel); $subtilef$mkey1f$mnkeylfbitl4a[12]
if(!exists 20 $subti1ef$mkeylfUnkeylfbit1);
$tempou2="Bases:$a[4] mis:$a[5] sNP:$a[6] Range:$a[7]-$a[8] B:$a[11]
Bit:$a[12]\n";       my $name = $a[0]; my $out="match:$a[3]
Range:$a[9]-$a[lOhn $a[13]"; 25$tempout=join(",$tempout."$name
Num:Sa1keyaranklf$key21(c0unt} $out\n"); 1
$subtilef$mkey1f$mnkeylfoutl=join("",$subtilef$mkeyrnmnkeylfoutl,$tem
pou2,$t 30empout); $rank=2;
$subtilef$mkeyrnmnkeylfoutl=join("",$subtilef$mkeyrnmnkeylfoutl,"
Rank $rank "); $tempout=""; 35for my $key2 (keys 96f$alkeyf$rankll )
f my @a=sp1it(r7,$alkeyf$ranklf$key2lfout});
$tempou2="Bases:$a[4] mIs:$a[5] sNP:$a[6] Range:$a[7]-$a[8] B:$a[11]
Bit:$a[12]\n";            my $name = $a[0]; my $out="match:$a[3]
Range:$a[9]-$a[lOhn 40$a[13] I; $tempout=join("",$tempout,"$name
Num:$a1key{$rank}{$key2}{c0unt} Sout\n"); 1
45$subtilef$mkey1{$mnkeylfoutl=join("",$subtilefbkeylUmnkeylfoutl,$te
mpou2,$t empout); 1 1 1 50for my $mkey (sort keys %subtile ) f my
$bit=0; my $uskey; 



$t11ersltf$mkeylfnuml=scalar(keys(%{$subti1ef$mkey11)); for my Unkey
(keys %{$subtilef$mkey1}) f if($subtilef$mkeylfUnkeylfbitl>$bit) {
55$bit=$subtilef$mkey1f$mnkeylfbitl; $uskey=$mnkey; 1
ifUtilersltf$mkeylfnum1==1) f 60Stilersltf$mkeylfsubl=$uskey;
$tilerslt{$mkey}fdetect)=$subtilefkkeyrnuskeylfdetectl; 1 else f #my
$i=0; my $i=1; 65for my $mnkey (keys 56{$subtilef$mkey1}) 1 if($mnkey
ne $uskey) f my $dif = ($subti1ef$mkey1fUnkeylfbit1)/$bit; if(
$dif>0.60) f $i=0; last; 1 701 $tilersltf$mkeylfsubl=$uskey;  WO
2006/138182PCT/US2006/022622 15 last if(!$j); if(S#b>$#clip) f
Sus2=Smnkey; @clip=split(/,/,SsubtilefSmkeylifusnftaxl); 20} 1 1
f($3) 25Stilersltf$mkeylfdetect1=Ssubtile{Smkey}{Sus2}{detect};
$tilers1t1Smkeylfsubl=Sus2; 1 else f
$tilersltfkkeylfdetect)."TAxAmBic"; 1 30 my
@clip=split(/,/,SsubtilefkkeylfStilersltfSmkeylfsublIftaxl);
$tilersltfSmkeylftaxcomj=taxname(Sclip[Uclip]); 1
open(ouT2,join(",">",Sinput,".n4rpt"));
35open(ouT3,join("",">",Sinput,".n4pats"));
open(ouT4,join(",">",$Input,".n4path"));
open(ouT5,join(",">",$input,".n4tile")); my
Stottile=scalar(keys(%ilerslt)); my %subpatho=(); my %maipatho=0;
40for my Smkey (sort keys %tilerslt) f my
Spathogen=StilersltfSmkeylftaxcoml; for my Starkey (keys
%{${Spatho}fSmkeyll) f if(substr(Starkey,1,-1) <0) f
ifafSpatholfSmkeYliStarkeylfstatl ==0 ) f
45Spathogen=S{SpatholamkeylfStarkeylfnamel; last; 1 1 1 50if( exists
SsubpathofSpathogenlfnuml )
Ssubpatho4JSpatho9enlfnum1=Ssubpathof$pathogenlfnum1+1;
SsubpathofSpathogenl{listl=join(",",$subpathofSpathogenlflist},Smkey)
; if(index(Stilersltf$mkeylfdetectl,"sEQuNiou")+1 &&
indexasubpathofSpathogerafdetectl,"TAxuNI")+1 ) f 



55SsubpathofSpathooenlfdetectl="5E00NIQu";    elsif
(index(Stilerslt{Smkey}fdetectl,"TAxuNIQu")+1 &&
index(Ssubpathof$pathogenlfdetectl,"sEQuNiou")+1 ) f
SsubpathofSpathogenlfdetectl="sE0uNiou"; 1 60}else f
SsubpathofSpathogenlflistl.$mkey; SsubpathofSpathogenlfnum1=1;
SsubpathofSpathogenlfdetectl=Stilersltf$mkeylfdetectl; 1 65print ouT5
"SSInput-Stottile'Smkey'Stilersltf$mkeylfnumiStilersltfkkey}{taxcomfl
tile rsltf$mkeylfdetectl\n"; close(ouT5);
70Stottile=scalar(keys(%subpatho)); my %maizzz=(); for my $pathogen
(sort keys %subpatho) f  W02006/138182PCT/US2006/022622
F"1nr/44gitibi4(12262112
"SsInput-Stottile'Spathogen.$subpathof$pathogen1{noml'$subpathof$path
ogenlfd etectr$subpathof$pathogenlflistl\n"; my $mkey; 5if((my
$1=indexUsubpatho{$pathogen}{list},","))+1) f
$mkey=substrUsubpathof$pathogenlflistl,041); else f
1$mkey4subpathof$pathogenlflistl; 10my $pathotax; my $pathogem;  for
my Starkey (sort frnpatholf$mkeylOblfstat} <=>
${$patho}f$mkeyMalfstatll keys %{${$patho}f$mkey11) f
$pathotax=$tarkey;          $pathogem=rnpatholf$mkey1{$tarkey}{name};
15last; 1 if(substr($pathotax,1,-1)>0) f
if(indexUsubtilel$mkeylf$tilerslrnmkeyllsubllftaxl,$pathotax) +1) {
my ft=split(",",$subtilef$mkey1f$tilersltfkkeylf5ublIftax1); 20my $j;
for($j=1;$j<=$#a;$j++) f last if($a[$j] == substr($pathotax,1,- 1));
I my $list=$a[$j];      for(my $14j+1;$i<=$#a;$i++) f
$list=join(",",flist,$aM);} 25if( exists $maipathof$pathogemlfnuml )
f $maipathof$pathogemlfnom14maipathof$pathogeml{num}+1;
if(exists $maipathof$pathogem1{1}{M{$1ist} ) f
$maipathof$pathogem1{1}{$j}1$1istl=join(",",$maipathof$pathogeml{1}{r
nflistl 30join(":",$pathogen,$subpathof$pathogenlInum1));       }
else f
$maipathof$pathogem1{110j1{$1istl=join(":",$pathogen,$subpathoi$patho
gen}fnu ml); 351 1 else { $maipathof$pathogemlinum1=1;
$maipathof$pathogem1111{M{$1istl=join(":",$pathogen,$subpathof$pathog
enlfnu 40ml); 1 else f if( exists $maizzzfnuml ) f
$maizzzfnuml4maizzzfnum1+1;
$maizzzflistl=joinc,",$maizzzflistl,join(":",$pathogen,$subpathoUpath
ogenlf num1)); 1 else f $maizzzfnum1=1;
50$maizzzflistl=join(":",$pathogen,$subpathof$pathogenlfnom1); 1 1 



1 55close(00T4); $tottile=scalar(keys(%maipatho)); for my $pathogen
(sort keys %maipatho) { my Slow; my mclip=0;    for my $mkey (sort
f$b <=> $al keys 96{$maipathof$pathogen1{1}1) f 60for my $mnkey (keys
%{$maipathof$pathogen1{1}{$mkey1}) { if(@clip) f my
@b=split(",",$mnkey); my $i=0;            while(($i<=$#b &&
$i<=$#clip) && $b[$ij eq $clip[$1]) f $i++; 1 65splice(@clip,Si);
else { @clip=split(",",$mnkey); 1 1 70} if(Uclip == 0) {  WO
2006/138182PCT/US2006/022622 151 if(exists $maizzzlnuml) f Print oUT3
"SsInput -$tottile'Non-targee$maizzz{numr-1;Smaizzzflistl\n"; 1
close(oUT3); 20print ouT2 "Ssinput\n"; print ouT2 "\n controls\n"; my
$detect="PAss"; my $val="AFFX-TAO10-EX"; my $pval="AFFY"; if(exists
$frclist{"AFFX-TAGio-Ex"}) f $val="AFFX-TAGIQ-EX"; 25elsif(exists
$frclist{"AFFx-Tagto-EX"}) { $val="AFFX-TagIo-Ex"; 1 if(exists
Urclistf$vall) f $detect="FAIL" if0frclist{Svallfperl<20); 30print
oUT2 " $detect $frclistf$vallfperl\% AFFY $frclist{$val}fmat1 bases
called of $frclist{Sval}flen1 with $frclistf$vall{mis}
misidentified\n"; else { print "didn't find $val\n"; 1
35$detect="PAss"; my $tilsuc=1; Sval="ATTIM"; $pval=$val; if(exists
Sfrclistf$vall) f if(Sfrclist{Sval}{per}<20) {$detect="FAIL";
$tilsuc=-2;} print oUT2 " $detect Sfrclistf$vall{per}\% $pval
$frclistfivall{mat} bases called of $frclistOvallflen1 with
$frclistf$vallfmisl misidentified\n"; 40print OUT "$val.$SInput
primary'3702'controll'Arabidopsis
thaliana"$tilsuc'O'AY087893'21406667.$frclistiSvall{per}'499'0'0'1'49
9'426.92 4' '1'1.$1time\n"; else { print "didn't find Sval\n"; 



45} $detect="PAss"; $tilsuc=1; $val="ATNAc1"; $pval=$val; if(exists
SfrclistOvall) { if($frclistpvallfperl<20){$detect="FAIL";
$tilsuc=-2;}; print 0UT2$detect $frclistf$vall{per}\% $pval
$frclistUvallfmatl bases 50called of $frclist1Svall{len} with
$frclistf$vall{mis} misidentified\n"; print OUT
"$var$sInpueprimary'3702'Contro12'Arabidopsis
thaliana-ltilsuc'O'Ac009894'5902358'Sfrclistaval1{per}'519'0'0'1'519'
82488'8 3006' '1"1"$1time\n"; 1 else { 55print "didn't find $pval\n";
1 for my $pathogen (sort keys %subpatho ) {   print 0uT2 "
$subpathoUpathogenl{detect} $pathogen in $subpathoOpathogenl{num}\n";
60my @a=split(",",$subpathoUpathogeraflist1); for my Smkey(sort @a) {
print 0UT2 " Proseq $mkey $tilersltfkkeylfdetect1 from
StilersltIkkeY1fnuml subseq.\n";     for my $mnkey (sort keys
%f$subti1e{Smkey)1 ) { 65my
@b=split("\n",$subtilef$mkey11$mnkeylfout1); my @c=split(" ",$b[1]);
print oUT2 "$b[0] $c[2] $c[3] $c[4] $c[7]\n"; 1 1 70I print 'pun
"DETAIL5\n";  WO 2006/138182PCT/US2006/022622 PIE:1-41445aVIAltR keys
%subpatho ) f   print ouT2 1\n$subpathol$pathogenl{detect} $pathogen
in $subpathol$pathogenl{num}\n"; my
@a=split(",",$subpathol$pathogenlflistl); 5for my Smkey (sort @a) {
print 01iT2 " ProSeq $mkey $tilersltUmkeylldetectl from
$tilerslt{$mkey}fnuml subseq.\n"; for my $mnkey (sort keys
%1$subtilefkkeyll ) f print 0u12 $subtile{$mkeY}f$mnkeylfoutl; 101 1
1 close(ouT); close(0uT2); 15} sub openconnection my ($0) = my
$username='ncbi';  20 my $password='ncbi'; my $database='bio'; my
$connect="dbi:oracle:$database"; my
$sqlldrconnection="$username/$password\@$database"; my $dbh =
D0T->connect( $connect, $username, $password, 25 RaiseError => 1,
Autocommit => 0 J. 30II die "Database connection not made: 



-D0I::errstr"; return $dbh; 1   sub closeconnection
35$dbh->disconnect; return; Lb taxfromgi 40my ($gi) = my $sth; my
$taxid=-1; my $sql= "select tax_id from gi_taxid_nucl where gi4gi";
$sth = $dbh->prepare($sql): 45$sth->execute();
$sth->bind_columns(undef, \$taxid); $sth->fetch(); my $out=$taxid;
Ssth->finish(); 50return($out); 1 sub taxname{ my ($taxid) = my
($sth,Scom); 55my $sql= "select name_txt from Taxonomy_names where
tax_id=$taxid and name_class='scientific name'"; $sth =
$dbh->prepare($sql); $sth->execute(); $sth->bind_columns(undef,
\Scam); 60$sth->fetch(); $sth->finish(); return (Scorn);       sub
taxparents 65{ my ($parentid) = my $sth; my $sql="; my Stax; my
Sch2=join("",",",$parentid,","); 70$sql= "select tax_id AS tax_id
from nodes start with tax_id4parentid connect by NocYcLE tax_id=
PRIOR parent_tax_id";  WO 2006/138182PCT/US20061022622
'$'SgEh'flaigh1111>I5N-SATat$sql); $sth->execute0 ; $sth->bind_col
umns (undef , \ $tax) ; $sth->fetch() ; 5whi 1 e( $sth->fetch() ) {
$ch2=joi n(''" ,",",$tax,Sch2) ; $sth->fi ni sh() ; return(Sch2) ; }
Obviously, many modifications and variations of the present invention
are possible in light of the above teachings. It is therefore to be
understood that the claimed invention may be practiced otherwise than
as specifically 15described. Any reference to claim elements in the
singular, e.g., using the articles "a," "an," "the," or "said" is not
construed as limiting the element to the singular. References: 1.
Whelen, A.C. and Persing, D.H. (1996) The role of nucleic acid
amplification and detection in the clinical 20microbiology
laboratory. Annu Rev Microbial, 50, 349-373. 



2. McDonough, E.A., Barrozo, C.P., Russell, K.L. and Metzger, D.
(2005) A multiplex PCR for detection of Mycoplasma pneumonia;
Chlamydophila pneumoniae, Legionella pneumophila, and Bordetella
pertussis in clinical specimens. Mol Cell Probes, 19, 314-322. 3.
Roth, S.B., Jalava, J., Ruuskanen, 0., Ruohola, A. and Nikkari, S.
(2004) Use of an oligonucleotide array 25for laboratory diagnosis of
bacteria responsible for acute upper respiratory infections. J Clin
Microbial, 42, 4268-4274. 4. Gardner, S.N., KuczmarsH, T.A., Vitalis,
E.A. and Slezak, T.R. (2003) Limitations of TaqMan PCR for detecting
divergent viral pathogens illustrated by hepatitis A, B, C, and E
viruses and human immunodeficiency virus. J Clin Microbial,
41,2417-2427. 305.Ecker,Sampath, R., Blyn, L.B., &boo, M.W., Ivy, C.,
Ecker, J.A., Libby, B., Samant, V., Sannes- Lowery, K.A., Melton,
R.E. eta?. (2005) Rapid identification and strain-typing of
respiratory pathogens for epidemic surveillance. Pro Nail Acad Sol
USA,  102, 8012-8017. 6.Zamrnatteo, N., Harnels, S., De Longueville,
F., Alexandre, I., Gala, IL., Brasseur, F. and Remade, J. (2002) New
chips for molecular biology and diagnostics. Biotechnol Annu Rev, 8,
85-101. 357.Campbell, C.J. and Ghazal, P. (2004) Molecular signatures
for diagnosis of infection: application of microarray technology. J
Appl Microbial, 96, 18-23. 8.Briese, T., Palacios, G., Kokoris, M.,
Jabado, 0., [Au, Z., Renwick, N., Kapoor, V., Casas, I., Pozo, F.,
Limberger, It et al. (2005) Diagnostic system for rapid and sensitive
differential detection of pathogens. Eine?. g Infect Dis, 11,310-313.
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oligonucleotide microarrays. Nat Genet, 21, 42-47. 10.Kozel, M.J.,
Shah, N., Shen, N., Yang, R., Fucini, R., Merigan, T.C., Richman,
DD., Morris, D., Hubbell, E., Cue; M. et al. (1996) Extensive
polyrnmphisms observed in HIV-1 clade B protease gene using
high-density oligonucleotide arrays. Nat Med, 2, 753-759.
4511.Cutler, D.J., Zwick, ME., Carrasquillo, M.M., Yohn, C.T., Tobin,
K.P., Kashuk, C., Mathews, DI, Shah, N.A., Eichler, E.E., Warrington,
J.A. eta?, (2001) High-throughput variation detection and genotyping
using microarrays. Genome Res, 11, 1913-1925.  WO
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119-127. 15. Wilson, K.H., Wilson, W.J., Radosevich, IL., DeSantis,
Ti,, Viswanathan, V.S., Kuczmarsld, T.A. and 10Andersen, G.L. (2002)
High-density microarray of small-subunit ribosomal DNA probes. App!
Environ Microbiol, 68, 2535-2541. 16. Zwick, ME., McAfee, F., Cutler,
D.J., Read, T.D., Ravel, 1, Bowman, CR., Galloway, D.R. and Mateczun,
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T.J., Vega, V.B., Norton, LE., Cutler, D.J., Richmond, T.A., Stanton,
LW., Li; E.T. and Miller, L.D. (2004) Tracking the evolution of the
SARS coronavirus using high-throughput, high-density resequencing



1. A method comprising: submitting a plurality of biological
sequences in queries to a taxonomic database to produce a plurality
of taxonomic results; wherein the biological sequences are the output
of genetic database queries that return a score for each sequence;
and reporting a taxonomic identification based on the taxonomic
results; wherein reporting the taxonomic identification uses one of
the following criteria-based steps, the choice of step being the
first step wherein the criterion is satisfied: reporting a single
taxon when the taxonomic results contain only the single taxon;
reporting the taxonomic result of the biological sequence having the
highest score among the plurality of biological sequences when the
highest score exceeds the score of the biological sequence having the
second highest score by a predetermined score ratio threshold;
reporting a child taxon when all the taxonomic results contain only
the child taxon and a direct parent taxon to the child taxon; and
reporting a common parent taxon in all other cases. 2. The method of
claim 1, wherein the score ratio threshold is about 30%. 3. A method
comprising: performing the method of claim 1 two or more times with
different pluralities of biological sequences to generate a plurality
of taxonomic identifications; wherein the inputs to the genetic
database queries are subsequences that are correlated to
predetermined prototype sequences from target pathogens; and
grouping identical taxonomic identifications with the corresponding
prototype sequences. 4. The method of claim 3, further comprising: 33
reporting a positive result for each of the target pathogens for
which one of the taxonomic identifications that corresponds to one of
the prototype sequences of the target pathogen is the same as or a
child taxon of the target pathogen taxon. 5. The method of claim 4,
further comprising: reporting a final taxonomic identification of:
a single taxon when the positive results contain only the single
taxon; a child taxon when all the positive results contain only the
child taxon and a direct parent taxon to the child taxon; or a common
parent taxon in all other cases. 6. The method of claim 1, wherein
the method is computer-implemented. 7. An apparatus comprising: means
for performing the method of claim 6. 8. A method of processing a
biological sequence obtained from an assay comprising: converting
base calls located in a predetermined list of positions within the
biological sequence to N; wherein each entry in the predetermined
list of positions represents the capability of a substance
hybridizing to a microarray used to generate the biological sequence;
wherein the substance is not the nucleic acid of a target pathogen;
and determining the ratio of single nucleotide polymorphisms in the
biological sequence relative to a reference sequence. 9. The method
of claim 8, wherein the substance is a PCR primer. 10. The method of
claim 8, further comprising: selecting a potential subsequence of an
initial length from the biological sequence, when the ratio of single
nucleotide polymorphisms is below a SNP threshold; and calculating
the ratio of unique bases within the potential subsequence. 11. The
method of claim 10, wherein the SNP threshold is about 20%.  12. The
method of claim 10, further comprising: extending the potential
subsequence by one base, when the ratio of unique bases is above a
unique-base threshold; recalculating the ratio of unique bases within
the extended potential subsequence; repeating the extending and
recalculating until the ratio of unique bases is below the
unique-base threshold; removing trailing N base calls from the



means for performing the method of claim 17. 35  WO
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LISTING <110> Malanoski, Anthony P Lin, Baochuan Schnur, Joel M
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<222> (1)..(61)97748W01 Seq Listing <223> NA1 <400> 2 ctgggtaaat
caaacatatg ttaatattag caacactaac gttgttgctg gaaaaggcac60 a61 <210> 3
<211> 16 <212> DNA <213> Human Influenza A <220> <221> gene <222>
(1)..(16) <223> NA1 <400> 3 ctgggtaaag gacaca16 <210> 4 <211> 61
<212> DNA <213> Unknown <220> <223> Raw data <220> <221> misc_feature
<222> (1)..(61) <223> n is a, c, g, or t <400> 4 ctgggnnnnn
nnnnnnnnnn nnnnnnnnnn nnnnnnngnc gttgttgctg gaaaggncac60 a61 <210> 5
<211> 61 <212> DNA <213> Unknown <220> <223> Filtered data <220>
<221> misc_feature <222> (1)..(61) <223> n is a, c, g, or t <400> 5
ctgggnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnnn nnnnnnnnac60
a61 


