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BACKGROUND OF THE INVENTION Field of the Invention [0002]The

present embodimegisigiaiede aqirasysiendeisieterting and
identifying biomolecules and organisms. More specifically, the present

embodiment __ ¥tﬂgc Rtising Mﬂf}ﬁ@ay

configured '[O"SITIT ANeot 3 plarality of orga a sample at

a higi eonfigédnaecke wilirDepcripomdéitiie Retbted; Art9{€008JIhtherfieldsnal
AZhmalesHas igleay AN RIS IRIIE B RRY MRS SHCR AL PURIBIE ALKy,
d proteins from ofganisms are identified and/or fractionated in order to
referreh foitasefitiyenes, diagnose diseases or identify organisms. A
hybridization reaction is frequently used as a pretreatment for such
process, gherestargenuelroutedFBrsarRyie s IndgzrRAWRA.B nucleic
acid or a protein having a known sequence. For this purpose, microarrays,
or DNABBRIps, dfdsuseenoanwive msrsbesis (e arrDNAYPRIASST Jroreirdo.
DMIRRONT BESIARNESS AERYNnhYiZed AL ReIRISENINELRPSIURR No. DE-

surface, such as glass, plastic or silicon chip forming an array. The affixed
Sgéh]ieﬁsﬁﬁi’é tﬁﬁ&ﬁ?ﬁﬁ@ﬁiﬁﬁe@‘?ﬁ%ﬁough some sources will use
different nomenclature), thousands of which can be used in a single DNA
microarray. Measuring gene exg ng, microarrays is relevant to
many areas of biology SR eY sis ShHRY treatments,
meaean&rdmlopmental stages. For example, microarrays can be
used ntify isease gen Mparing gene expressiop in diseased
and normal cellé111 doosMmeiectt Ciba%{rmég %%c Vo e%ia%eﬁsf d(gscd%:ec ing and
idwgﬁrimnmhvmbﬁyicemde@gaeiymmom&ﬂ@ssﬂ%d“@ﬁb@eﬂmewe@usenw@ments
rdG0Ra0R BPJ&?%%&HP&%%&HM(;E% BNASeVeEGRRP X’E‘?&ﬁ‘ﬁ&&&%‘i‘} detect a

reactio hg The resulting mixed amplicons can be quickly, but coarsely,
PHIEH it O EM B IS YRBRY tbial PIRIEE Y Tihinal Restriction
‘ Fragment Length Polymorphism), SSCP (single-strand conformation
Dpolymorphism) Q.. T/DGGE (temperature/denaturing gradient gel.

| =gt FeRHedegroups may be classified through sequencing, but
this rgeposes addItiwiﬁé!t&hﬁhfﬂlﬁhﬂﬁﬂ&&ﬂ%@dﬁﬂdﬂﬂﬁhﬂﬁﬁﬁ%tﬂﬁ@ﬂﬂ@&&h
DoLgeale v E”a%ir Didi5s 50 pPara%Yse Studies such,as oo ﬁ%@i@f@égn order to
moniforing and is only suita &tor low comp’iexny environments ‘%ﬁ
sepaehder of6ld ew&h&@m@oﬁbeaiseqmr@dmdﬁd@uateiyfcawwaetmreactmn
SRR LRNAIN B SAmRIRPARQIAgR R Re Al Rl QIR eRRMIER My

handled.”As such, an improved array and method is néeded to efficiently
isahandes ﬁiﬂ}i*eéiitvl@}ﬁt‘}rgcaﬁ RMPWIEHHEHE disaeiastasesoiiretiipovmose,
ni@?&ﬂ?@f@i&SD&MMM&Ra\Fe [R0961 S01es sEtRedimeRiRIAICHRAD &' F¥teins

system including a microarray configured to S|multaneously detect a
WG KRS OIORGARTSATE I biiaptet RsdrisrrinedhrsiBaitay comprises
fragments of 16s RNA unique to each organism and variants of said
fragngg comRn&Q%%g Iergsrtral Frgulcg‘le(cﬁ)(gide m atch Wheerneein the IeveI %f
confi enc of species- spec?ic defection derivad fom fragment Matches 18>
Dabbuh80% grtvighes) [0606dtcATeofdingroecarfiecsPNépentisiheehigl to a solid
‘provided an array system comprising: a microarray configured to
simultaneously detect a plurality of organisms in a sample. wherein the
microarray comprises perfectly matching probes complementary to
fragments of 16s RNA unique to each organism and more than one
mismatching probes corresponding to each of said perfectly matching
probes wherein said mismatching probes comprise at least 1 nucleotide
variant of said corresponding perfectly matching probe, wherein the level

of confidence of species-specific detection derived from fragment matches
ic ahniit 0004 Aar hicnnhear TOOND711n one embodiment the nhiiralitny 0f




[0018a]According to a second aspect, there is provided a method of
detecting at least one organism comprising: applying a sample comprising
a plurality of organisms to the array system as defined above; and
identifying organisms in the sample, wherein said organism is considered
present . in said sample when at least a threshold percentage of a plurality
of said variants pairs-assigned to a taxa are positive. [0019]In some
embodiments, the plurality of organisms comprise bacteria or archaea.
[0020]In other embodiments, the majority of fragments of 16s RNA unique
sitdeeachuoiganisimadaietcorraspanding varank: rRIMeNt campLsing Aba
Selerfaiggtsl Bg‘_g%lgotige mi% at t]jh 1%?;11In still other embodiments, every
agment of 168 RNA u%sicf‘aé S a6 ARG HH 5 <HFfereponetitrg clature),
thyesdads frigmentaobeprising atlegstiNnueleetide:mismateh 90220048 ion
y imenis, the fragments are ahout 25 nucleotides long. [0023]In
L R R N SR oeembraboeatne
IregEmceio rgaritma they dampietal 0024 Somexembodineissglaténtbeaused to
emsthadabigrcalneapaay Mem RN ANg e TN A8 RV
sequences corresponding to a plurality of organisms o mteresg; selecting
fragments of 16s RNA unique to each organism; creating variant RNA

fragmumets corraspomeingg-thentagmenti of I6SRMALNIGUS fo.eagh o i
orga}nisgl which oné%rise at least 1 nucleotide mismatch; and fabricating

OLHia Ay RS H08) I SEIHE Shb BHtRE S dheRlifgRyp b B gRb IS
mmméﬁm(ﬂ%ﬁmﬂrﬂim ﬁa@&%@l?}mmeésmb@_ hel{ms@t&nm&ﬂéiggﬂybe
ments s RNA unigue to each organi ave a correspondin
o B M R o e e oo Arsnen
Fragmentelhebedi Pelmtsmisny) fragfife (tinfl :6s:RNonhigueitn @aBROFSRNNS) b
| | t‘g'g;@gme c rising at least 1 nucleotide
T@n??r%a%%%%%f%ﬁ?ﬂﬁer emboo%r%e%%?rﬁ?g %%Sgls ‘er?tﬁécg?egé‘wgﬁt% be
clastifrbuetorguerema b D ESURPT DN 0829 1T hbypederitolate each
168 mivodigpenimay adelalRd g a8-a3Y sysiemdor delealingand.identifying
biomolecules and organisms. More specifically, the present embodiments
MR R BN K AaySYEtRHF CeniptisiPrgRisT R eritrayRemg s, the number of
cmmmwemmsl be?ateggﬂﬁlw@d“&tﬁ&%@ﬁ@é@%%}@%@m@J&@gl@iggampze is
confi e : n some odiments, the array system uses
toom%?l%%%]g)rcoéé%g c;j;r8 grreeacsoi?iegmé%%%e%“éeggf ideh ittt BPEoR et trayrand
meiefhisionsdeditgcsiaS iR MA geneptargatost bigihiensitinictoadisydviif ges
of HEGRVIMILRIG fyebes can greatly increase the confidence level of a
match to a particular organism. Also, in some embodiments, mismatch
control probes corresponding to each perfect match probe can be used to
further increase configgugeefsequence-specific hybridization of a target
to a probe. Probes with one or more mismatch can be used to indicate
non-specific binding and a possible non-match. This has the advantage of
redyedtgfalss pesitiesesbisderio wanspesiiic Avbrigization. Whichisa,
cort I'I%%igigqgts I%%B‘I?er% L\{\Slith Jnany cuirre?t migroarrays. [0031]Some ,
embodiments of the nvention relatd'ts & EsRBE T st g srrattsin the
micsHHIa ALDDS Ags deasifymi L JI6s grblanyotjectaxaastith g rakatively Mghnts of
- i ' iy Icrobial species.or group. of highl
L M S8 R i e
of spagjftsiees iR AtisF v deaived fysiErtotthuaaree it smibdtithentsgnay use
multiple confirmatory probes, each with from about 1 to about 20
corresponding mismatch control probes to target the most unique regions
within a 16S rRNA gene for about 9000 taxa. Preferably, each
confirmatory probe has from about 1 to about 10 corresponding mismatch
probes. More preferably, each confirmatory probe has from about | to
about 5 corresponding mismatch ppsabes. The aforementioned about 9000
taxa represent a majority of the taxa that are currently known through 16S
rRNA clone sequence libraries. In some embodiments, multiple targets
can be assayed through a high-density oligonucleotide array. The sum of
all target hybridizations is used to identify specific prokaryotic taxa. The

result is a much more efficient and less time consuming way of identifying
1ninknown oraanicme that in addition to nrovidina reciilte that cniild not



array, probes can be designed from regions of gene sequences that have

only been identified within a given taxon. In other embodiments, some

taxa have no probe-level sequence that can be identified that is not

shared with other groups of 16S rRNA gene sequences. For these

taxonomic groupings, a set of from about 1 to about 500 short

oligon cl§§tide probes, preferahly from about 2 to about 200 short o
oligonﬁ’aa filie &86@@%& HERS ABRLH SRETELS DFYY Ied e AT S ERGFR comprising:
oligonucleotide probes, even more preferably from about 8 to about 100

Short&@%@ﬁ@ﬁ@ﬁ@g@:@&@f&ﬂﬁﬂﬁ%ﬁ%)?dﬁ@oﬁ mlgmfngti@ﬂo@ée{@giﬁ@% a sample,

e N -a whole not,exist in a

o 826 L e O I BB rmens o

PR B OnRBER OF BRIt & JESTRoER ENG KA STEaICHIngh FeRbSFtsEresponding to

eashtajrmigingsette atahiageobteriybridizatibmapprobity is-thes ruittpee at jeast |

nd@éa{é%@nt\g@ia@lefm'ffi@gigi%# Hly etargalingHione FRseNSBErein the level of
InatiQns or.sequence.

C 371In some embodiments, oligonpcleotide ,
e e e T R T e BB G ous 90% o
E'I‘i%l?qjlforrectly identifying the sample of interest. In certain embodiments, the

probes are chosen based on various taxonomic organizations useful in the

identification of particular sets of organisms. 100381In some

emboi##fights, thecisosebréligpivbiedtitd probegeimtampessynthesizedrchaca.

by any available method in the art. Sonic examples of suitable methods

include printing with fine-pointed pins onto glass slides, photolithography

using pre-made masks, photolithography using dynamic micromirror

devices, ink-jet printing or electrochemistry. In one example, a

photolithographic method can be used to directly synthesize the chosen

oligonucleotide probes onto a surface. Suitable examples for the surface
include glass, plastic, silicon and any other surface available in the art. In

certain examples, the oligonucleotide probes can be synthesized on a

glass surface at an approximate density of from about 1,000 probes per

t11112 to about 100,000 probes per gm2, preferably from about 2000

probes per um2 to about 50,000 probes per um2, more preferably from

about 5000 probes per gm2 to about 20,000 probes per gm2. In one
example, the density of the probes is about 10,000 probes per um2. The

array' can then be arranged in any configuration, such as, for example, a

square grid of rows and columns. Some areas of the array can be

oligonucleotide I16S rDNA PM or MM probes, and others can be used for
image orientation, normalization controls or other analyses. In some
embodiments, materials for fabricating the array can be obtained from

Affymetrix, GE Healthcare (Little Chalfont, Buckinghamshire, United

Kingdom) or Agilent Technologies (Palo Alto, California.) WO

2008/130394PCT/1182007/024720 [0039]In some embodiments, the

array system is configured to have controls. Some examples of such
controls include 1) probes that target amplicons of prokaryotic metabolic
genes spiked into the 16S rDNA amplicon mix in defined quantities just
prior to fragmentation and 2) probes complimentary to a pre-labeled
oligonucleotide added into the hybridization mix. The first control
collectively tests the fragmentation, biotinylation, hybridization, staining
and scanning efficiency of the array system. It also allows the overall
fluorescent intensity to be normalized across all the arrays in an
experiment. The second control directly assays the hybridization, staining
and scanning of the array system. However, the array system of the
present embodiments is not limited to these particular examples of
possible controls. [0040]The accuracy of the array of some embodiments
has been validated by comparing the results of some arrays with 16S

rRNA gene sequences from approximately 700 clones in each of 3

samples. A specific taxa is identified as being present in a sample if a

majority (from about 70% to about 10094 preferably from about 80% to

about 100% and more preferably from about 90% to about 100%) of the

probes on the array have a hybridization signal about 100 times, 200
timec 200 timec A00 timec nr 500 timec Aareaatar than that of the



sequence divergence, were considered operational taxonomic units
(OTUs) representing all 121 demarcated prokaryotic orders. The
taxonomic family of each OTU was assigned according to the placement
of its member organisms in Bergey's Taxonomic Outline. The taxonomic
outline as maintained by Philip Hugenholtz was consulted for phylogenetic
classes containing uncultured environmental organisms or unclassified
families belonging to named higher taxa. The OTUs comprising each
family R clustBraaoite SEBtaimeetniPt e seql efr)@e i clustered
afitQaetharif42Hbfamiieswere;feund silhe daxeremitResitianef8ash based

OTU as well as the accompanying NCBI accession numbers of the
o8t ed EsmpYimplkes ©TPerecorded and publicly available.
[0053fhgsgbiective af theBeebesalestion stiatemywastoRaR@Nof species-
effective set of probes capable of correctly categorizin 0mixed amplicons
smﬁﬁéﬁ?ts?ea@ﬂswdnfmé*éﬁf@eﬁ@f%%%ﬁ A ShBtERE 25-mers

(probegyyegre soygiithalonrieprevalantin menbais &f aiNemEXT b kigkcics-
were dissimilar from sequences outside the given OTU. In the first step of

Sprebl detecion der wdrEnfpeD RANRGT thabosl dnkes et oTu

was sgpargted ifjo-veslappingigr-mersdhm pelentialtargeisenth ey aashrNA

potential target was matched to as many.sequences of the OTU as _
VBRSBTS SRR TRAE SR o é(%réﬂ&}%fr%fﬂ?&fcwméﬂﬁ&m feast 1
ntangstsiandsegugnces, however, since partial gene sequences were

included in the reference set additional methods were performed.

TheretBtdZihe nltitie s et ALK SRGhnTESE proRERE By Grddigenks Waue to cach
oHSRHsIA PAOYIES R ISEIRR MeasHRMaNetaraphssizealeach feiRatidk mismatch.

probe site. For example, if an OTU contajning seven sequences )
possek¥iidla prdBedits WEIBIE T EbEASTE HLEAGCAt, THEITRHESS long.
site-spegitiy OT thsigmwas wiisins Q84dinglRnking dheiRessdhlel targets.
those having data for all mempers of that OTU were preferred over those

found 8ARPIn a FFAGHBEF SPARACER i dISEE T 6o BRI S1EpT RS b east
o8t WPl valrRbiargeisias selected and reverse complimented into

probe orientation, avoiding those, capable, of mis-hybridizatjon to an

unintd 1828l amphitaft ¥ 58&95?&*&% ih%mp?ﬁy Sc%é.\wqt&ampie-
mis-hybgirize werestipsehdb-essdiadtontinelircebRable dh@iprises at least
matching sequences in more tg?rgﬁne OTU. Thus, probes that were
BRI TS OO HH O S Y Wstinctive base in one of the outer four

bases were avoided. Also, probes with mis-hybridization potential to

sequdRtHY haviRgg € BRERE e HBte Redr THEhRso ol e Teing can owgpnism
iAbREE PR TR PROERSRIHE JCTHARKDENGR-HIRE5APIGDES sy system

w%?égpleygg\t&ary tQ taré%gt sequences that %éere selected for fabrication wire
(AR GHTSR QIgITRETG TBMSUPBHES. ARSEIFEM prnBARERBERR, foch
ovgasippaived wilttatcarftrelid Srmerdmismateiiig pokesMMuidentiahirmach,
sitions except the thirteenth pase.. The MM probe did npt.contain a
T o e b BETbint AR e pE regment
madrsl érabenir R Yhetthighstr(RM)idend fyivg prebesmcoinstititarapiobe pair
analyzed together. [0056]The chosen oligonucleotides were synthesized
by a photolithographic method at Affymenix Inc. (Santa Clara, CA, USA)
directly onto a 1.28 cm by 1.28 cm glass surface at an approximate
density of 10,000 probes per lina2. Each unique probe sequence on the
array had a copy number of roughly 3.2 X 106 (personal communication,
Affymetrix). The entire array of 506,944 features was arranged as a
square grid of 712 rows and columns. Of these features, 297,851 were
oligonucleotide 168 rDNA PM or MM probes, and the remaining were
used for image orientation, normalization controls or other unrelated
analyses. Each DNA chip had two kinds of controls on it: 1) probes that
target amplicons of prokaryotic metabolic genes spiked into the 16S rDNA
amplicon mix in defined quantities just prior to fragmentation and 2)
probes complimentary to a pre-labeled oligonucleotide added into the .
hybridization mix. The first control collectively tested the fragmentation,

biotinylation, hybridization, staining and scanning efficiency. It also
Aallowed the nverall fliinrecerant inteancityy 1o be normalized acrrnce all the



using the DNAML-F84 option assuming a transition:transversion ratio of
2.0and an A, C, G, T 16S rRNA gene base frequency of 0.2537, 0.2317,
0.3167, 0.1979, respectively. We calculated these parameters empirically
from all records of the "Greengenes' | 6S rRNA multiple sequence
alignment over 1,250 nucleotides in length. The Lane mask (S13) was
used to restrict similarity observations to 1,287 conserved columns (lanes)

of aligfest gapracters elpanth seaH aReeadTaspRISIBEE YINMR T@I8CheRhethod of

from further analysis when <1,000 characters could be compared to a

Gl etk Ea T R S ST ENRE 588 uences were assigned to a
taxonomic node using a sliding scale of similarity threshold (S 14).
Phylunpptiasss eisigle tamilyissiios familyinostaxani Pia¢e me BhWaS AG6eR 8 ined above;
when a ¢lope surpassed similarity threshalds of 80%, 85%, 90%, 92%, .
049, oA Y405 GBI STAE RS 18 NEAre SEHREBAST S Ecfidyitdigred present -
was <94%d trenplenehrngidensiddiedsto ié presamtnge nbeglisutifaiibpid\variants pairs
full compgsisdn hetwear-gleieiand array analysis is presented in Table
52. [0067)Primers targeting sequences within particular taxa/sub-families
were generated by ARB's probe design feature (515). Melting
tempegaiwes WerediaRSHADah{Lam 4R GHe 6% G Ml GG COMERMtse bacteria
between 40 and 70%. The probes were chosen to contain 3' bases

O BRlRGMplementary to sequences outside of the taxon/sub-family. Primers

were mgtofied usingRANBEIBIEIAL0 Heale:RIMmeLPASLTANE HBes RNA

Sequences were generated using the Takara enzyme system as
Urgie i SECHLB0RER hesthe cesssRPadRE AL framsahnamprising at least 1
ni€mprIaIgsapRplicons were purified (PureLink PCR Purification Kit,

invitrogen) and sequenced directly or, if there were multiple unresolved

sequences, cloned using a TOPO pCR2.1 cloning kit (Invitrogen, CA)
according to the manufacturer's instructions. The M13 primer pair was
used for clones to generate insert amplicons for sequencing at UC

Berkeley's sequencing facility. [0068]To determine whether changes in

165 rRNA gene concentration could be detected using the array, various

quantities of distinct rRNA gene types were hybridized to the array in

rotating combinations. We chose environmental organisms, organisms
involved in bioremediation, and a pathogen of biodefense relevance. 16S
rRNA genes were amplified from each of the organisms in Table S4. Then
each of these nine distinct 165 rRNA gene standards was tested once in

each concentration category spanning 5 orders of magnitude (0O

molecules, 6 x 107, 1.44 x 108, 3.46 x 108, 8.30 x 108, 1.99 x 109, 4.78 x

109, 2.75 x 1010, 6.61 x 1010, 1.59 x 10") with concentrations of

individual 165 rRNA gene types rotating between arrays such that each

array contained the same total of 165 rRNA gene molecules. This is
similar to a Latin Square design, although with a 9x11 format matrix. WO
2008/130394PCT/US2007/024720 [0069]A taxon (#9389) consisting only
of two sequences of Pseudomonas oleovorans that correlated well with
environmental variables was chosen for quantitative PCR confirmation of
array observed quantitative shifts. Primers for this taxon were designed
using the ARB (S15) probe match function to determine unique priming
sites based upon regions detected by array probes. These regions were
then imputed into Primer3 (S16) in order to choose optimal oligonucleotide
primers for PCR. Primer quality was further assessed using Beacon

Designer v3.0 (Premier BioSoft, CA). Primers 9389F2

(CGACTACCTGGACTGACACT) (SEQ ID NO: 3) and 9389R2

(CACCGGCAGTCTCCI1AGAG) (SEQ ID NO: 4) were chosen to amplify a

436 bp fragment. [0070/To test the specificity of this primer pair, we used

a nested PCR approach. 16S rRNA genes were amplified using universal

primers (27F, 1492R) from pooled aerosol genomic DNA extracts from

both Austin and San Antonio, Texas. These products were purified and
used as template in PCR reactions ustag primer set 9389F2- 9389R2.

Amplicons were then ligated to pCR2.1 and transformed into E.coli TOP

10 cells as recommended by the manufacturer (Invitrogen, CA). Five
crlonece ware chocen at random for each of the hwo citiee (10 cloneac total)



3.03 x 1010B. subtilis dapB, dihydrodipicolinate reductase 5.02 x
108Saccharomyces, Gene for actin (Act | p) protein 1.21 x
109Saccharomyces, RNA polymerase Il mediator complex subunit
(SRB4p) 2.91 x 109Saccharomyces,. TATA-binding protein, general
transcription factor (SPTI 5) 7.00 x 109Saccharomyces, Beta subunit of
the oligosaccharyl transfe ¢ (OST) glycoprotein complex (WBP1) 7.29 x
1010Saccharomyces, Ubiquinol-cytochromc-c reductase (RIP I) Synthetic

168 rR trol YNM.ne roI t st SYNLc.oenos )
SYNCa cr% %%ﬁ &rfiodod beld g@l\f‘éfgﬁllg_fl% ﬁﬁ}g’%. 41gs RNA unique to
b@&Syrghmﬁmdemaﬂu&@MyhagIasmmwgﬁiyﬂcunmﬂ;ﬁ&ir@%lema 3:@8eotide
X 1098 thetic derivative of Leuconostac oenos I6S rRNA gene 9.38 x
%‘yrﬁ ietic derivative of Caulobacier crescentus 165 rRNA gene 4.05 x
10 108}{ﬁﬂmc detivativetiofrfeenbistibacte/iim ﬁmﬁmaiééﬁchN%gﬁi@ﬁmudcs long.

| B SRS JA BT, ) o
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%Fg s RNA sequences corresponding 10 a plurahi’y of organisms of

mtcrest seicctmg fragments of 16s RNA unique to each organism; creating variant RNA
fragments corresponding to the fragmenis of 16s RNA unique to each organism which

comprise at least 1 nucleotide mismatch; and fabricating said array system.

10025] In some embodiments, the plurality of organisms comprise bacteria
or archaea.

[0026] In other embodiments, the majority of fragments of 165 RNA
unique to each organism have a corresponding variant fragment comprising at least 1
nucleotide mismatch.

[6027] In still other embodiments, every fragment of 16s RNA unique to
each organism has a corresponding variant fragment comprising at least 1 nucleot-ide
mismatch.

[0028] In yet other embodiments, the fragments are about 25 nucleotides long.

DETAILED DESCRIPTION

[0029] - The present embodiments are related to an array system for detecting
and identifying biomolecules and organisms. More specifically, the present embodiments
relate to an array system comprising a microarray configured to simultaneously detect a

plurality of brganisms in a sample at a high confidence level,

16030} In some embodiments, the array system uses multiple probes for
increasing confidence of identification of a particular organism using a 168 rRNA gene

targeted high density microarray. The use of multiple probes can greatly increase the
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confidence level of a match fo a particular organism. Also, in some embodiments,
misrﬁatch control probes corresponding to each perfect match probé can be used to
further increase confidence of sequence-specific hybridization of a target to a probe.
Probes with one or more mismatch can be used to indicate non-specific binding and a
possible non-match. This has the advantage of reducing false positive results due to non-

specific hybridization, which is a significant problem with many current microarrays.

[0633] Some embodiments of the invention relate to a method of using an
array to simultaneously identify multiple prokaryotic taxa with a relatively high
confidence. A taxa is an individual microbial species or group of highly related species
that share an average of about 97% 168 rRNA gene sequence identity. The array system
of the; current embodiments may use multiple confirmatory probes, each with from about
I to about 20 corresponding mismatch control probes to target the most unique regions
within a 16S rRNA gene for about 9000 taxa. Prcferabfy, each confirmatory probe has
from about 1 to about 10 corresponding mismatch probes. More preferably, each
confirmatory probe has from about 1 to about 5 corresponding mismatch probes. The
aforementioned about 9000 taxa represent a majority of the taxa that are currently known
through 16S rRNA clone sequence libraries. In some embodiments, multiple targets can
be assayed through -a high-density oligonucleotide array. The sum of all target
hybridizations is used to identify specific prokaryotic taxa. The result is a2 much more
efficient and less time consuming way of identifying unknown organisms that in addition
to providing results that could not previously be achieved, can also provide results in

hours that other methods would require days to achieve.

[06032} In some embodiments, the array system of the present embodiments
can be fébricatcd using 16s rRNA sequences as follows. From about 1 to about 500 short
p?‘obes can be designed for cach taxonomic group. In some embodiments, the probes can
be proteins, antibodies, tissue samples or oligonucleotide fragments. In certain examples,
oligonucleotide fragments are used as probes. In some embodiments, from about 1 to

about 500 short oligonucleotide probes, preferably from about 2 to about 200 short
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oligonucleotide probes, more preferably from about 5 to about 150 short oligonucieotide
probes, even more preferably from about 8 to about 100 short oligenucleotide probes can
be designed for each taxonomic grouping, allowing for the failure of one or more probes.
In one example, at least about 11 short oligonucleotide probes are used for each
taxonomic group. The oligonucieotide probes can each be from about 5 bp to about 100
bp, preferably from about 10 bp to about 50 bp, more preferably from about 15 bp to
about 35 bp, even more preferably from about 20 bp fo about 30 bp. In some
embodiments, the probes may be 5-mers, 6-mers, 7-mers, 8-mers, 9-mers, 10-mers, 11-
mers, 12-mers, 13-mers, 14-mers, 15-mers, 16-mers, 17-mers, 18-mers, 19-mers, 20-
mers, 21-mers, 22-mers, 23-mers, 24-mers, 25-mers, 26-mers, 27-mers, 28-mers, 29-
mers, 30-mers, 31-mers, 32-mets, 33-mers, 34-mers, 35-mers, 36-mers, 37-mers, 38-
mers, 39-mers, 40-mers, 41-mers, 42-mers, 43-mers, 44-mers, 45-mers, 46-mers, 47-
mers, 48-mers, 49-mers, 50-mers, 51-mers, 52-mers, 53-mers, 54-mers, 55-mers, 56-
mers, 57-mers, 58-mers, 59-mers, 60-mers, 61-mers, 62-mers, 63-mers, 64-mers, 65-
mers, 66-mers, 67-mers, 68-mers, 69-mers, 70-mers, 71-mers, 72-mers, 73-mers, 74~
mers, 75-mers, 76-mers, 77-mers, 78-mers, 79-mers, 80-mers, 81-mers, 82-mers, 83-
mers, 84-mers, 85-mers, 86-mers, 87-mers, 88-mers, 89-mers, 90-mers, 91-mers, 92-
mers, 93-mers, 94-mers, 95-mers, 96-mers, 97-mers, 98-mers, 99-mers, 160-mers or

combinations thereof.

[0833] Non-specific cross hybridization can be an issue when an abundant
16S tRINA gene shares sufficient sequence similarity to non-targeted probes, such that a
weak but detectable signal is obtained. The use of sets of perfect maich and mismatch
probes (PM-MM) effectively minimizes the influence of cross-hybridization. In certain
embodiments, each perfect match probe (PM) has one comesponding mismatch probe
(MM) to form a pair that are useful for analyzing a particular 165 rRNA sequence. In
other embodiments, each PM has more than one corresponding MM. Additionally,
different PMs can have different numbers of corresponding MM probes. In some
embodiments, each PM has from about 1 to about 20 MM, preferably, each PM has from
about 1 to about 10 MM and more preferably, each PM has from about I to about 5 MM.
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[0034] Any of the nuclectide bases can be replaced in the MM probe to result
in a probe having a mismatch. In one example, the central nucleotide base sequence can
be replaced with any of the three non-maiching bases. In other examples, more than one
nucleotide base in the MM is replaced with a non-matching base. In some examples, 10
nucleotides are replaced in the MM, in other examples, 5 nucleotides are replaced in the
MM, in yet other examples 3 nucleotides are replaced in the MM, and in still other
examples, 2 nucicotides are replaced in the MM. This is done so that the increased
hybridization intensity signal of the PM over the one or more MM indicates a sequence-
specific, positive hybridization. By requiring multiple PM-MM probes to have a
confirmation interaction, the chance that the hybridization signal is due to a predicted

target sequence is substantially increased.

[6035] In other embodiments, the 165 rRNA gene sequences can be grouped
into distinct taxa such that a set of the short oligonucleotide probes that are specific to the
taxon can be chosen. In some examples, the 16s rRNA gene sequences grouped into
distinct taxa are from about 100 bp to about 1000 bp, preferably the gene sequences are -
from about 400 bp to about 900 bp, more preferably from about 500 bp to about 800 bp.
The resulting about 9000 taxa represented on the array, each containing from about 1% to
about 5% sequence divergence, preferably about 3% sequence divergence, can represent

substantially all demarcated bacterial and archaeal orders.

{0036] In some embodin’;ents, for a majority of the taxa represented on the
array, probes can be designed from regions of gene sequences that have only been
identified within a given faxon. In other embodiments, some taxé have no probe-level
séquence that can be identified that is not shared with other groups of 168 rRINA gene
sequences. For these taxonomic groupings, & set of from about 1 to about 500 short
oligonucleotide probes, preferably from about 2 to about 200 short oligonucleotide
probes, more preferably from about 5 to about 150 short oligonucleotide probes, even

more preferably from about 8 to about 100 short oligonueleotide probes can be designed
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to a combination of regions on the 165 rRINA gene that taken together as a whole do not
exist in any other taxa. For the remaining taxa, a set of probes can be selected to
minimize the number of putative cross-reactive taxa. For all three probe set groupings,
the advantage of the hybnidization approach is that multiple taxa can be identified

simultaneously by targeting unique regions or combinations of sequence.

[6037] In some embodiments, oligonucieotide probes can then be selected to
obtain an effective set of probes capable of correctly identifying the sample of interest. In
certain embodiments, the probes are chosen based on various {axonomic organizations

useful in the identification of particular sets of organisms.

[0038] In some embodiments, the chosen oligonucieotide probes can then be
synthesized by any available method in the art. Somie examples of suitable methods
include printing with fine-pointed pins onto glass slides, photolithography using pre-made
masks, photolithography using dynamic micromirror devices, ink-jet printing or
electrochemistry. In one example, a photolithographic method can be used to directly
éyn{hesiﬁe the chosen oligonucleotide probes onto a surféce. Suitable examples for the
surface inciude glass, plastic, silicon and any other surface available in the art. In certain
exémpies, the oligonucleotide probes can be synthesized on a glass surface at an
approximate density of from about 1,000 probes per um’ to about 100,000 probes per
;Lmz, preferably from about 2000 probes per pmz to about 50,000 probes per pmz, more
preferably from about 5000 probes per um?® to about 20,000 probes per pm® };'n one
example, the density of the probes is about 10,000 probes per um”. The array can then be
arranéed in any configuration, such as, for example, a square grid of rows and columns.
Some areas of the array can be oligonuclectide 165 tDNA PM or MM probes, and others
rcan be used for image orientation, normalization controls or other analyses. In some
embodiments, materials for fabricating the array can be obtained from Affymetrix, GE
Healthcare (Liitle Chalfont, Buckinghamshire, United Kingdom) or Agilent Technologies
(Palo Alto, California.)
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_ {00397 In some embodiments, the array system is configured to have conirols.
Some examples of such controjs {ﬁclude 1} probes that target amplicons of prokaryotic
metabolic genes spiked into the 168 rDNA amplicon mix in defined quantities just prior
to fragmentation and 2) probes complimentary to a pre-labeled oligonucleotide added into
the hybridization mix. The first control cellectively tests the fragmentation, biotinylation,
hybridization, staining and scanning efficiency of the array system. It also allows the
overall fluorescent intensity to be normalized across all the arrays in an experiment. The
second control directly assays the hybridization, staining and scanning of the array
system. However, the array system of the present embodiments is not limited o these

particular examples of possible controis.

10044] The accuracy of the agray of some embodiments has been validated
by comparing the results of some amrays with 165 rRMNA gene sequences from
approxirﬁatély 700 clones in each of 3 samples. A specific taxa is identified as being
present in a sample if a majority {from about 70% to about 100%, preferably from about
80% .to about 100% and more preferably from about 90% to about 100%) of the probes
on the array have a hybridization signal about 100 times, 200 times, 300 times, 400 times
or 500 times greater than that of the background and the perfect match probe has a
Signiﬁcanﬂy greater hybridization signal than its one or more pariner mismatch control
probe or probes. This ensures a higher probability of a sequence specific hybridization to
the probe. In some embodiments, the use of multiple probes, each independently
indicating that the target sequence of the taxonomic group being identified is present,

increases the probability of a correct identification of the organism of interest.

16041} Biomolecules, such proteins, DNA, RNA, DNA from amplified
products and native rRNA from the 165 rRNA gene, for example can be probed by the
array of the present embodiments. In some embodiments, probes are designed to be
antisense to the native rRNA so that directly labeled rRNA from sampies can be placed
directly on the array to identify a majority of the actively metabolizing organisms in a

sample with no bias from PCR amplification. Actively metabolizing organisms have
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in s)omgocn“?l%) 19191’9 Q0 hAéAéan: ) maéé prA\cms at a particular point in time of a
certain erganism can be measured. This is not possible in systems where only the 165
rRNA gene DNA is measured which encodes only the potential to make proteins and is
the same whether an organism is actively metabolizing or quiescent or dead. In this way,
the array system of the present embodiments can directly identify the metabolizing

organisms within diverse communities.

[6042] In some embodiments, the array system is able fo measure the
microbial diversity of complex commumnities without PCR amplification, and
consequently, without all of the inherent biases associated with PCR amplification.
Actively metabolizing cells typically have about 20,000 or more ribosomal copies within
their cell for protein assembly compared to quiescent or dead cells that have few. In.
some embodiments, rRNA can be purified directly from environmental samples and
processed with no amplification step, thereby avoiding any of the biases caused by the
preferential amplification of some sequences over others. Thus, in some embodiments
the signal from the array system can reflect the ﬁue nuinber of TRNA molecules that are
present in the samples, which can be expressed as the number of cells multiplied by the
number of TRNA copies within each cell. The number of cells in a sample can then be
inferred by several different methods, such as, for example, quantitative real-time PCR,
or FISH (fluorescence in situ hybridization.} Then the average number of ribosomes

within each cell may be calculated.

[0043} In some embodiments, the samples used can be enviroﬁmenta} samples
from any environmental source, for example, naturally occurring or artificial atinosphere,
water systems, soil or any other sample of interest. In some embodiments, the
environmental samples may be obtained from, for example, atmospheric pathogen
collection systems, sub-surface sediments, groundwater, ancient water deep within the
ground, plant root-soil interface of grassiand, coastal water and sewage treatment plants.

Because of the ability of the array system to simultaneously test for such a broad range of

-10-
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other array systerns which generally must be targeted to specific environments.

0644} In other embodiments, the sample used with the array system can be
any kind of clinical or medical sample. For example, samples from blood, the lungs or
the gut of mammals may be assayed using the array system. Also, the array system of the
present embodiments can be used o identify an infection in the blood of an animal, The
array system of the present embodiments can also be used to assay medical samples that
are directly or indirectly exposed to the outside of the body, such as the lungs, ear, nose,
throat, the entirety of the digestive system or the skin of an animal. Hospitals currently
lack the resources to identify the complex microbial communities that reside in these

arcas.

© [0045] Another advantage of the present embodiments is that simuitaneous
detection of a majority of currently known organisms is possible with one sample. This
allows for much more efficient study and determination of particular organisms within a
particular sample. Current microarrays do not have this capability. Also, with the array
system of the present embodiments, simultaneous detection of the top metabolizing
organisms within a sample can be determined without bias from PCR amplification,

greatly increasing the efficiency and accuracy of the detection process.

[0046} Some embodiments relate to methods of detecting an organism in a_
sample using the described array system. These methods include contacting a sample
with one organism or a plurality of organisms to the array system of the present
embodiments and detecting the organism or organisms. In some embodiments, the
organism or organisms to be detected are bacteria or archaea. In some embodiments, the
Organism Or Organisms to‘be detected are the most metabolically active organism or

organisms in the sample.
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which comprise at least 1 nucleotide mismaich and then fabricating the array system,

[0048] The following examples are provided for illustrative purposes only,

and are in no way intended to limit the scope of the present invention.
EXAMPLE 1

{6045} An array system was fabricated using 16s rRINA sequences taken from
a plurality of bacterial species. A minimum of 11 different, short oligonucleotide probes
were designed for each taxonomic grouping, allowing one or more probes to not bind, but
still give a positive signal in the assay. Non-specific cross hybridization is an issue when
an abundant 165 rRNA gene shares sufficient sequence similarity to non-targeted probes,
such that a weak but detectable signal is obtained. The use of a perfect match-mismatch
(PI\E—MM) probe pair effectively minimized the influence of cross-hybridization. In this
technique, the central nucleotide is replaced with any_‘ of the three non-matching bases so
that the increased hybridization intensity signal of the PM over the paired MM indicates a
sequence-specific, positive hybridization. By requiring multiple PM-MM probe-pairs to
have a positive interaction, the chance that the hybridization signal is due to a predicted

target sequence is substantially increased.

06050} The known 168 rRNA gene sequences larger than 600 bp were
gmu'ped.into distinct taxa such that a set of at least 11 probes that were specific to each
taxon could be selected. The resulting 8,935 taxa (8,741 of which are represented on the
array), each containing approximately 3% sequence divergence, represented all 121
demarcated bacterial and archaeal orders. For a majority of the taxa represented on the

array (5,737, 65%), probes were designed from regions of 165 rRNA gene sequences that
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have only been identified within a given faxon. For 1,198 taxa (14%) nd probe-level

sequence could be identified that was not shared with other groups of 165 rRNA gene
sequences, although the gene sequence as a whole was distinctive. For these taxonomic
groupings, a set of at least 11 probes was designed to a combination of regions on the 168
tRNA gene that taken together as a whole did not exist in any other taxa. For the
remaining 1,806 taxa (21%), a set of probes were selected to minimize the number of
putative cross-reactive taxa. Although more than half of the probes in this group have a
hybridization potential to one outside sequence, this sequence was iypically from a
phylogenetically similar taxon. For all three probe set groupings, the advantage of the
hybridization approach is that multiple taxa can be identified simultaneously by targeting

unique regions or combinations of sequence.
EXAMPLE 2

{0051] Am array system was fabricated according to the following pretocol.
165 rDNA sequences (Ischerichia coli base pair positions 47 to 1473) were obtained
from over 306,000 165 rDNA sequences that were at feast 600 nucleo.tides in length in the
15 March 2002 release of the 165 tDNA database, “Greengenes.” This region was
selected because it is bounded on both ends by universally conserved segments that can
be used as PCR pﬁming sites to amplify bacterial or archaeal genomic material using only
2 to 4 primers. Putative chimeric sequences were filtered from the data.set using
computer software preventing them from being misconstrued as novel organisms. The
ﬁlteréd sequencés are considered to be the set of putative 165 rDNA amplicons.
Sequences were clustered to enable each sequence of a clﬁster to be complementary to a
set of perfectly matching (PM) probes. Putative amplicons were placed in the same

cluster as a result of common 17-mers found in the sequence.
[0052] The resulting 8,988 clusters, each containing approximately 3%

sequence divergence, were considered operational taxonomic units (OTUs) representing

all 121 demarcated prokaryotic orders. The taxonomic family of each OTU was assigned
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toCRaRe® W& QLD OThe OTUS comprising each family were clustered into sub-
families by transitive sequence identity. Altogether, 842 sub-families were found. The
taxonomic position of each OTU as well as the accompanying NCBI accession numbers

of the sequences composing each OTU are recorded and publicly available.

[0053] The objective of the probe selection strategy was to obtain an effective
set of probes capable of comectly categorizing mixed amplicons into their proper OTU.
For each OTU, a set of 11 or more specific 25-mers (probes) were sought that were
prevalent in members of a given OTYU but were dissimilar from sequences outside the
given OTU. In the first step of probe selection for a particular OTU, each of the
sequences in the OTU was separated into overlapping 25-mers, the potential targets.
Then each potential target was matched to as many-sequences of the OTU as possible.
First,.a text pattern was used for a search fo match potential targets and sequences,
however, since partial gene sequences were included in the reference set additional
methods were performed. Therefore, the multiple sequence alignment provided by
(reengenes was used 1o provide a discrete measurement of group size at each potential
probe site. For example, if an OTU containing seven sequences possessed a probe site

where one member was missing data, then the site-specific OTU size was only six.

{0054} In ranking the possible targets, those having data for all members of
that OTU were preferred over those found only in a fraction of the OTU members. In the
second step, a subset of the prevalent targets was selected and reverse complimented into
probe orientation, avoiding those capable of mis-hybridization to an unintended
amplicon. Probes presumed to have the caﬁacity to mis-hybridize were those 25-mers
that contained a central 17-mer matching sequences in more than one OTU. Thus, probes
that were unique to an OTU solely due to a distinctive base in one of the outer four bases

were avoided. Also, probes with mis-hybridization potential to sequences having a
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common free node near the root were favored over those with 2 common node near {he

terminal branch.

[0055] Probes éompicmeniary to target sequences that were selected for
fabrication were termed perfectly matching (PM) probes. As each PM probe was chosen,
it was paired with a control 25-mer (mismaiching probe, MM), identical in all positions
except the thirteenth base. The MM probe did mot contain a central 17-mer
complimentary to sequences in any OTU. The probe complementing the target (PM) and

MM probes constitute a probe pair analyzed together.

[0056] The chosen oligonucleotides were synthesized by a photolithographic
method at Affymetrix Inc. (Santa Clara, CA, USA) directly onto a 1.28 c¢m by 1.28 cm
glass surface at an approximate density of 10,000 probes per umz. Each unique probe A
sequence on the array had a copy number of roughly 3.2 X 10° (personal communication,
Affymetrix). The entire array of 506,944 features was arranged as a square grid of 712
rows and columns. Of these features, 297,851 were oligonucleotide 168 tDNA PM or
MM probes, and the remaining were used for image orientation, normalization controls or
other unrelated analyses. Each DNA chip had two kinds of controls on it: 1) probes that
target amplicons of prokaryotic metabolic genes spiked into the 168 rDNA amplicon mix
in defined quantitics just prior to fragmentation and 2) probes complimentary to a pre-
labeled oligonucleotide added into the hybridizétion mixX. The first control collectively
tested the fragmentation, biotinylation, hybridization, staining and scanning efficiency. It
also allowed the overall fluorescent intensity to be normalized across all the arrays in an

experiment. The second control directly assayed the hybridization, staining and scanning.
EXAMPLE 3
[0057) A study was done on diverse and dynamic bacterial population in

urban aerosols utilizing an array system of certain embodiments, Air samples were

collected using an air filtration collection system under vacuum located within six EPA
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air quality network sites in both San Antonio and Austin, Texas, Approximately 10 liters
of air per minute were collected in a polyethylene terephthalate (Celanex), 1.0 um filter
(Hoechst Calanese). Samples were collected daily over a 24h period. Sample filters were
washed in 10 mL buffer (0.1M Sodium Phosphate, 10mM EDTA, pH 7.4, 0.01% Tween-
20), and the suspension was stored frozen until extracted. Samples were collected from 4

May to 29 August 2003.

[0058] Sample dates were divided according to a $2-week calendar year
starting January 1, 2003, with each Monday to Sunday cycle constituting a full week,
Samples from four randomly chosen days within each sample week were extracted. Each
date chosen for extraction consisted of 0.6 mL filter wash from each of the six sampling
sites for that city {(San Antonio or Austin} combined into a “day pool” before extraction.

In total, for each week, 24 filters were sampled.

10059] The “day pools” were centrifuged at 16,000 x g for 25 min and the
pellets were resuspended in 400pL sodium phosphate buffer (100 mM, pH 8). The
resuspended peliets were transferred into 2mL silica bead lysis tubes containing 0.9g of
stlica/zirconia lysis bead mix (0.3 g of 0.5 mm zirconia/silica beads and 0.6 g of 0.1 mm
zirconia/silica beads). For each lysis tube, 300uL buffered sodium dodecyl suifate (SDS)
(100 mM sodium chioride, 500 mM Trs pH 8, 10% [w/v] SDS), and 300uL
phenol:chloroform:isoamyl alcohol {25:24:1) were added. Lysis tubes were inverted and
flicked three times to mix buffers before bead mill homogenization with a Biol01 Fast
Prep 120 machine (Qbiogene, Carlsbad, CA) at 6.5 m s for 45 s. Following
centrifugation at 16,000 x g for 5 min, the aqueous supematant was removed to a new
2mL tube and kept at -20°C for 1 hour to overnight. An equal volume of chloroform was
added to the thawed supernatant prior to vortexing for 5 s and centrifugation at 16,000 x g
for 3 min. The superatant was then combined with two volumes of a binding buffer
“Solution 3" (UltraClean Soil DNA ki, MoBio Laboratories, Solana Beach, CA).
Genomic DNA from the mixture was isolated on a MoBic spin column, washed with

“Solution 4” and eluted in 60pL of 1X Tris-EDTA according to the manufacturer’s
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manufacturer’s recommended protocol (Invitrogen, Carlsbad, CA).

[0060] - The 168 rRNA gene was amplified from the DNA extract using
universal primers 27F.1, (§8° AGRGTTTGATCMTGGCTCAG) (SEQ ID NO: 1) and
1492R, (57 GOGTTACCTTGTTACGACTT) (SEQ ID NO: 2). Each PCR reaction mix
contained 1X Ex Taq buffer (Takara Bio Inc, Japan), 0.8mM dNTP mixture, 0.02U/ul.
Ex Taq polymerase, 0.4mg/mL bovine serum albumin (BSA), and 1.0pM each primer,
PCR conditions were 1 cycle of 3 min at 95°C, followed by 35 cycles of 30 sec at 95°C,
30 sec at 53°C, and 1 min at 72°C, and finishing with 7 min incubation at 72°C. When
the total mass of PCR product for a sample week reached 2pg (by gel quantification), all
PCR reactions for that week were ppoied and concentrated to a volume less than 40ul.

with a Micron YM100 spin fiiter (Mi!lipore,lBillerica, MA) for microarray analysis.

[0061] The pooled PCR product was spiked with kﬁown concentrations of
synthetic168 rRNA gene fragments and non-165 rRNA gene fragments according to
Table S1. This mix was fragmented using DNAse I (0.02 U/pg DNA, Invitrogen, CA)
and One-Phor-All buffer (Amersham, NJ) per Affymetrix’s protocol, with incubation at
25°C for 10 min., followed by enzyme denaturation at 98°C for 10 min. Biotin labeling -
was performed using an Enzo® BioArray™ Terminal Labeling Kit (Enzo Life Sciences
Inc., Farmingdale, NY) per the manufacturer’s directions. The labeled DNA was then
denatured (99 °C for 5 min) and hybridized to the DNA microarray at 48 °C overnight (>

16 hr). The microarrays were washed and stained per the Affymetrix protocol.

[6062] The array was scanned using a GeneArray Scanner (Affymetrix, Santa
Clara, CA, USA). The scan was recorded as a pixel image and analyzed using standard

Affymeirix software (Microarray Analysis Suite, version 5.1) that reduced the data to an
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individual signal value for each probe. Background probes were identified as those
producing intensities in the lowest 2% of all intensities. The average intensity of the
background probes was subtracted from the fluorescence intensity of all probes. The noise
value (N) was the variation in pixel intensity signals observed by the scanner as it read the
array surface. The standard deviation of the pixel intensities within each of the identified
background cells was divided by the square root of the number of pixels comprising that

cell. The average of the resulting quotients was used for N in the calculations described

below.

[0063] Probe pairs scored as positive were those that met two criteria; (i) the
mtensity of fluorescence from the perfectly matched probe (PM) was greater than 1.3
times the intensity from the mismatched control (MM), and (i} the difference in intensity,
PM minus MM, was at least 130 times greater than the squared noise value (>130 Nz).
These two criteria were chosen empirically to provide stringency while maintaining
sensitivity to the amplicons known to be present from sequencing results of cloning the
San Antonio week 29 sample. The positive fraction (PosFrac) was calculated for each
probe set as the number of positive probe pairs divided by the total number of probe pairs
in a probe set. A taxon was considered present in the sample when over 92% of iis
assigned probe pairs for its corresponding probe set were positive (PosFrac > 0.92). This
was determined based on empirical data from clone library analyses. Hybridization
intensity (hereafter referred to as intensity) was calculated in arbitrary units (a.u.) for each
probe set as the trimmed average (maximum and minimum values removed before
averaging) of the PM minus MM intensity differences across the probe pairs in a given
pfobe set. " All intensities < 1 were shifted to 1 to avoid errors in subsequent logarithmic
transformations. When summarizing chip results to the sub-family, the probe set

producing the highest intensity was used.
[6064] To compare the diversity of bacteria detected with microarrays to a

known standard, one sample week was chosen for cloning and sequencing and for

replicate microarray analysis. One large pool of SSU amplicons (96 reactions, 50
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Institute (Walnut Creek, CA) by standard methods. An aliguot of this pooled PCR ‘
product was also hybridized to a microarray (three replicate arrays performed). Sub-
families containing a taxon scored as present in all three array replicates were recorded.
individual cloned rRNA genes were sequenced from each terminus, assembled using
Phred and Phrap (89, 510, S11), and were required to pass quality tests of Phred 20 (base

call error probability < 100 to be included in the comparison.

{6665} sequences that appeared chimeric were removed using Bellerophon
(82) with two requirements; {1} the preference score must be less than 1.3 and (2) the
divergence ratio must be less than 1.1. The divergence ratio is a new meiric implemented
to. weight the likelihood of a sequence being chimeric according to the similarity of the
parent sequences. The more distantly related the pérent sequences are to each other
relative to their divergence from the chimeric sequence; the greater the likelihood that the
inferred chimera is real. This metric uses the average sequence identity between the two
fragments of the candidate and their comresponding parent sequences as the numerator,
and the sequence identity between the parent sequences as the denominator. All
calculations are made using a 300 base pair window on either side of the most likely
break point. A divergence ratio of 1.1 was empirically determined to be the threshold for

clagsifyving sequences as putatively chimeric.

[0666] Similarity of clones to array taxa was calculated with DNADIST (S12)
using the DNAML-F84 option assuming a transition:transversion ratio of 2.0 and an A,
C, G, T 168 rRNA gene base frequency of 0.2537, 0.2317, 0.3167, 0.1979, respectively.
We calculated these parameters empirically from all records of the ‘Greengenes’ 168
rRNA multiple sequence alignment over 1,250 nucleotides in length. The Lane mask
(S13) was used to restrict similarity observations to 1,287 conserved columns (lanes) of
aligned characters. Cloned sequences from this study were rejected from further analysis

when <1,000 characters could be compared to a lane-masked reference sequence,
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Sequences were assigned to a taxonomic node using a sliding scale of similarity threshold
(S14). Phylum, class, order, family, sub-family, or taxon placement was accepted when 2
clone surpassed similarity thresholds of 80%, 85%, 90%, 92%, 94%, or 97%,
respectively.  When similarity to nearest database sequcnée was <94%, the clone was
considered to represent a novel sub-family. A full comparison between clone and array

analysis is presented in Table 52,

{0667} Primers targeting sequences within particular taxa/sub-families were
generated by ARB’s probe design feature (S15). Melting temperatures were constrained
from 45 °C to 65 °C with G+C content between 40 and 70%. The probes were chosen to
contain 3’ bases non-complementary to sequences outside of the taxon/sub-family.
Primers were matched using Primer3 (S16) to create primer pairs (Table $3). Sequences
were generated using the Takara enzyme system as described above with the necessary
adjustments in annealing temperatures. Amplicons were purified (PurelLink PCR
Purification Kit, Invitrogen) and sequenced directly or, if there were multiple unresolved
sequences, cloned using a TOPO pCR2.1 cloning kit (Invitrogen, CA) according to the
manufacturer’s instructions. The M13 primer pair was used for clones to generate insert

amplicons for sequencing at UC Berkeley's sequencing facility.

|G068] Té determine whether changes in 165 rRNA gene concentration could
be detected using the amay, various quantities of distinct rfRNA gene types were
hybridized to the array in rotating combinations. We chose environmental organisms,
organisms involved in bioremediation, and a pathogen of biodefense relevance. 16S
rRINA genes were amplified from each of the organisms in Table §4. Then each of these
nine distinct 165 rRNA gene standards was tested once in each concentration category
spanning 5 orders of magnitude (0 molecules, 6 x 107, 1.44 x 10%, 3.46 x 10%, 8.30 x 10%,
1.99 x 10%, 4.78 x 10°, 2.75 x 10", 6.61 x 10'°, 1.59 x 10'") with concentrations of
individual 165 rRNA gene types rotating between arrays such that each array contained
the same total of 165 rRNA gene molecules. This is similar to a Latin Square design,

although with a 9x11 format matrix.
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[0069] A taxon (#9389) consisting only of two sequences of Pseudomonas
oleovorans that correlated well with environmental variables was chosen for quantitative
PCR confirmation of array observed quantitative shifts. Primers for this taxon were
designed using the ARB (515) probe match function to determine unique priming sites
based upon regions detected by array probes. These regions were then imputed into
Primer3 (S16}) in order to choose optimal oligonucleotide primers for PCR. Primer quality
was further assessed using Beacon Designer v3.0 (Premier BioSoft, CA). Primers 9389F2
(CGACTACCTGGACTGACACT) (SEQ ID  NO: 3)  and  9385R2
(CACCGGCAGTCTCCTTAGAG) (S8EQ ID NO: 4) were chosen to amplify a 436 bp
fragment.

{6070] To test the specificity of this primer pair, we used a nested PCR
approach. 165 rRNA genes were amplified using universal primers (27F, 1492R) from
pooled aerosol genomic DNA extracts from both Austin and San Antonio, Texas. These
products were purified and used as template in PCR reactions using primer set 9389F2-
9389R2. Amplicons were then ligated to pCR2.1 and transformed into E.coli TOP10 cells
as recommended by the manufacturer (Invitrogen, CA). Five clones were chosen at
random for each of the two cities (10 clones total) and inserts were amplified using vector
specific primers M13 forward and reverse. Standard Sanger sequencing was performed
and se@uences were tested for homology against existing database entries (NCBI
GenBank, RDPI and Greengenes). |

[0671] To assay P.oleovorans 16S rRNA gene copies in genomic DNA
extracts, we performed real-time quantitative PCR (qPCR) using an iCycler iQ real-time
detection system (BioRad, CA) with the iQ Sybr® Green Supermix (BioRad, CA) kit.
Reaction mixtures (final volume, 25 pb) confained 1X iQ Sybr® Green Supermix, 7.5
pmol of each primer, 25 ug BSA, 0.5 ul DNA extract and DNase/RNase free water.
Following enzyme activation (95°C, 3 min), up to 50 cycles of 95°C, 30 s; 61°C, 30 s;
85°C, 105 and 72°C, 45 s were performed. The specific data acquisition step (85°C for 10
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s) was set above the Tm of potential primer dimers and below the Tim of the product to
minimize any non-amplicon Sybr Green fluorescence. Copy number of P. oleovorans 168
fRNA gene molecules was quantified by comparing cycle thresholds to a standard curve
(in the range of 7.6 x 10° to 7.6 x 10° copies ui™)), run in parallel, using clened P.
oleovorans 168 tRNA amplicons generated by PCR using primers M13 forward and
reverse. Regression coefficients for the standard curves were typically greater than 0.99,
and post amplification melt curve analyses displayed a sihg]e peak at 87.5°C, indicative

of specific Pseudomonas oleovorans 16S rRNA gene amplification (data not shown).

[80672] To account for scanning intensity variation from array to array, internal
standards were added to each experiment. The internal standards were a set of thirteen
amplicons generated from yeast and bacterial metabolic genes and five synthetic 168
rRNA-ltke genes spiked into each aerosol amplicon pool prior to fragmentation. The
known concentrations of the amplicons ranged from 4 pM to 605 pM in the final
hybridizatioﬁ mix. The intensities resulting from the fifteen corresponding probe sets
were natural log transformed. Adjustment factors for each arréy were calculated by
ﬁtting. the linear model using the least-squares method. An array’s adjustment factor was

subtracted from each probe set’s In{intensity).

{0073} For each day of acrosol sampling, 15 factors including humidity, wind,
temperature, precipitation, pressure, particulate matter, and week of year were recorded

from the U.S. National Climatic Data Center (http://www.ncdc.noaa.cov) or the Texas

Natural Resource Conservation Commission (hitp.//www.tceq.state. tx.us). The weekly
mean, minimum, maximum, and range of values were calculated for each factor from the
collected data. The changes in In(intensity) for each taxon considered present in the study
was tested for correlation against the environmental conditions. The resulting p-values

were adjusted using the step-up False Discovery Rate (FDR) controlling procedure (S18).

{0074 Multivariate regression tree analysis (S19, S20) was carried out using

the package ‘mvpart’ within the ‘R’ statistical programming environment. A Bray-
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when dealing with ‘species’ abundance as it allows for non-linear responses fo

environmental pradients (519, §21).

10875] Prior to rarefaction analysis a distance matrix (ONAML homology) of
clone sequences was created using an online tool at hetp://greengenes.Ibl. gov/cgi-bin/nph-
distance_matrix.cg following alignment of the sequences using the NAST aligner

(http://greengenes Tbl.gov/NAST) (S22). DOTUR (823} was used to generate rarefaction

curves, Chaol and ACE richness predictions and rank-abundance cuives. Nearest

" neighbor joining was used with 1000 iterations for bootstrapping.

[0076] DNA vyields in the pooled weekiy filter washes ranged from 0.522 ng
to 154 ng. As only an aliquot of the filter washes was extracted we extrapolate the range
of DNA extractable from each daily filter to be between 150 ng and 4300 ng assuming
10% extraction efficiency. Using previous estimates of bacterial to fungal ratios in
aerosols (49% bacterial, 44% fungal clones; $24) this range is equivalent to 1.2 x 10 to
3.5 x 10® bacterial cells per filter assuming a mean DNA content of a bacterial cell of 6 fg

(825)..
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<, {0077} Table 51. Spike in-controls of functional genes and synthetic 165 rRNA-

like genes used for internal array normalization.

Affymetrix  comtrol Molecules Description

spikes applied

AFFX-BioB-5_at 5.83x 10" E. coli biotin synthetase

AFFX-BioB-M_at 543 x 101 E. coli biotin synthetase

AFFX-BioC-5_at 226 % 10 E. eoli bioC protein

AFFX-BioC-3_at 126 % 30" £. coli bioC protein

AFFX-BioDn-3_at 1.68 % 10" £. coli dethiobiotin synthetage

AFFX-CreX:5_at 217 % t0° Bacieriophage P1 cre recomnbinase protein

AFFX-DapX-5_at 9.03 x 10° B. subtilis dapB, dihydrodipicolinate reductase

AFFX-DapX-M_at 3.03x10" B. subtilis dapB, dihydrodipicohinate reductase

YFLO39C 502 %108 Saccharontyces, Gene for actin (Actlp) protein

YERO22W 12t x 1¢° Saccharomyces, RNA polymerase 11 mediator complex subunit (SRB4p)

YERI4EW 2.91 x 10 Saccharomyces,” TATA-binding protein, gencral transcription factor
{SPT13)

YEL002C 7.00 % 16° Sacchargriyces, Beta subunit of the oligosaccharyl transferase {(OST)

glycoprotein complex (WBP1)
YELO24W 7.29 x 10" Saccharomyees, Ubiguinol-cytochrome-c reductase (RIP1)

Synthetie 165 rRNA
control spikes

SYNM.neurolyt_st 6.74 x 10 Synthetic derivative of Mycoplasma newrolyticum 168 rRNA gene
SYNLc.oenos_st 390x10° Synthetic derivative of Lewconostoc cenos 165 rRNA gene
SYNCau.cres8_st 938 x 10° Synthetic derivative of Caulobacter crescentus 168 IRNA gene
SYNFer.nodasm st 4,05 x 10"° Synthetic derivative of Fervidobacterium nodosum 168 rRNA gene
SYNSap.grandi_st 162 x 107 Synthetic derivative of Saprospira grandis 165 TRNA gene
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/)- 0.cc=0 E-..3-1.-1 >.c. ,"a ino. to ¢ Cittfl 0co 00 0 (20 Actinobacteria
0es101MI<1CI-St- It 0.0.0.0.0-6:000co, i., 00CO11)
W.2008(130394.,0610U011/ 0000ttcsOtoto(0™0., .066 73 000cocBCL/BS2606/024720
6.0.000 000000001)01)2 Sctccecc. .=0ao a.) 00.1'040.0..a:2.- ..a4iS
QO0c)00CI>1Cl.0.a.00 < << <<P00Oonto 00 et V) caal 7.1." 17i.tw5;
VitoramVs'al5.)5'5 csils3;5n0-07373 6..06660 ..0.0-111..02EL:).3
00000000000- Cto=0ccccco02if, 0 ..c...t.") .r.0 ,74'ta' - c'.ti-8 .5*8 .51i .5
-3- .d80%G} daiate Bt Pacgiapnd fromaga vged for Latin square hybridization assays.

Organism : Phylem/Sub-phylam ATCC
Arthrobacter oxydans Actinobacteria 14356"
Bacillus anthracis AMES pX01- pX02- Firmicutes .
Caulobacter crescentus CB15 Alpha-proteobacteria 19089
Dechloromonas agitata CKB Beta-proteobacteria 700666 °
Dehalococcoides ethenogenes 193 Chloreflexi ' ¢
Desulfovibrio vulgaris Hildenborough  Delta-proteobacteria 29579°
Francisella tularensis Gamma-proteobacteria 6223
Geobacter metallireducens GS-15 Delta-protecbacteria 53774 °
Geothrix fermentans H-5 Acidobacteria 700665 ¢
Sulfolobus solfataricus Crenarchaeota | 35092

* Stain obtained from Hoi-Ying Holman, LBNL. ° Strain obtained from Arthur
Friedlander USAMRID. © Strain obtained from John Coates, UC Berkeley. ¢ Strain
obtained from Lisa Alvarez-Cohen, UC Berkeley. © Strain obtained from Terry Hazen,
LBNL.
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0.-0 [0083] Table 57. Bacterial sub-families detected (92% or greater
of probes in probe set positive) most frequently over 17 week study. Italic

text HARHdsWa - faRARESHSE ROl AF e HdERS Museplgsahpshes in probe

SeRATHRTRO IR

NRSsERBeRiEtly derkciby dslirim Hdiratethhrilicanosiund

in gl L HECATIASHatETE; AGaoPAdERE Acidobacteriales: Acidobacteriaceae:

sf 14 17 17 Bacteria;Acidobacteria;Acidobacteria-6:Unclassified;

Unclassified;sf 1

Most frequently detected 165 rRNA pene seguences Al 8A
Bacteria; Acidobacteria;Acidobacieria; Acidobacteriales; Acidobacteriacene;sf_14 17 17
Bacteria; Acidobactenia; Acidobacteria-6; Unclassified; Unclassified;sf 1 16 17
Bacteria;Acidobacteria; Selibacteres;Unclassified; Unclassified;sf | 17 i7
Bacteria;Actinobacteria; Actinobacteria; Actinomycctales;Cellulomonadaceae;sf 1 17 17
Bacteria;Actinobacteria; A ctinobacteria; Actinomycetales;Corynebacteriaceae;sf 1 16 17
Bacteria;Actinobacteria; Actinobacteria; Actinomycetaies;Gordoniaceae;sf | i7 17
Bacieria;Actinobacteria; Actinobacteria; Actinomycetales; Kincosporiaceae;sf | 17 17
Bacteria; Actinobacteria; Actinobacteria; Actinomycetales;Microbacteriaceae;sf 1 16 {7
Bacteria; Actinobacteria; Actinobacteria; Actinomycetales;Micrococcaceae;sf | 17 17
Bacteria;Actinobacteria; Actinobacteria; Actinomycetales;Micromonosporaceae;sf 17 17
]

Bacteria;Actinobacteria; Actinobacteria; Actinomycetales;Mycobacteriaceae;sf | 17 17
Bacteria;Actinobacteria; Actinobacteria; Actinomycetaies;Nocardiaceae;sf 1 17 17
Bacteria;Actinobacteria; Actinobacteria; Actinomycetales;Promicromonosporaceae; 17 17
sf 1

Bacteria;Actinobacteria; Actinobacteria; Actinomycetales;Pscudonocardiaceae;sf 1 /6 17
Bacteria;Actinobacteria; Actinobacteria; Actinomycetales;Streptomycetaceae;sf 1 i7 17
Bacteria;Actinobacteria; Actinobacteria; Actinomycetales; Thermomonosperaceae;s 16 17
f

BaeteriasActinobacteria; A ctinobacteria; Actinomycetales;Unclassified;sf_3 17 17
Bacteria; Actinobacteria; Actinobacteria;Rubrobacterales; Rubrobacteraceae;sf | 16 17
Bacteria; Actinobacteria; Actinobacteria;Unelassified; Unclassified;sf 1 H) 17
Bacteria; Actinobacteria;BD2-10 group; Unclassified;Unclassified;sf 2 i7 16
Bacteria;Bacteroidetes;Sphingobacteria;Sphingobacteriales;Unclassified;sf_3 16 17
Bacteria;Chloroflexi; Anaerolineae;Chloroflexi-1a;Unclassified;sf | 16 17
Bacteria;Chloroflexi;Anacrolineae; Unclassified; Unclassified;sf 9 16 17
Bacteria;Chioroflexi;Dehalococcoidetes;Unclassified; Unclassified;sf i 16 17
Bacteria;Cyanobacteria,Cyanobacteria;Chloroplasts;Chloroplasts;sf S 17 17
Bacteria;Cyanobacteria;Cyanobacteria; Plectonema;Unclassified;sf ] 16 17
Bacteria;Cyanobacteria;Unclassified;Unclassified; Unclassified;sf 5 i6 17
Bacteria; Firmicutes;Bacilli;Bacillales;Bacillaceae;sf ! } 17
Bacteria;Firmicutes; Bacilli;Bacillales;Halobacillaceae;sf 1 17 17
Bacteria;Firmicutes; Bacilli; Bacillales; Paenibaciilaceae;sf 1 i6 i7
Bacteria;Firmicutes; Bacilli; Lactobacillales;Enterococcaceaesf 1 17 17
Bacteria;Firmicutes; Bacilli;Lactobaciilales;Streptococcaceas;sf 1 16 17
Bacteria;Firmicutes;Catabacter;Unclassified; Unclassified;sf 1 16 17
Bacteria;Firmicutes;Clostridia;Clostridiales; Clostridiaceae;sf_12 17 17
Bacteria;Firmicutes;Clostridia;Clostridiales; Lachnospiraceae;sf 5 17 17
Bacteria;Firmicutes;Clostridia;Clostridiales; Peptococc/Acidaminococe;sf 11 17 17
Bacteria;Firmicutes;Clostridia;Clostridiales; Peptostreptoceccaceae;sf 5 i7 17
Bacteria;Firmicutes;Clostridia;Clostridiales; Unclassified;sf 17 16 17
Bacteria;Firmicutes;Unclassified;Unclassified; Unclassified;sf 8 16 17
Bacteria;Nitrospira;Nitrospira;Nitrospirales;Nitrospiraceae;sf 1 17 16
Bacteria;OP3;Unclassified; Unclassified; Unclassified;sf 4 16 17
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16 17 Bacteria;Acidobacteria;Solibacteres;Unclassified;Unclassified;sf 1
17 17 Bacteria;Actinobacteria;Actinobacteria;Actinomycetales;
Cellulomonadaceae;sf | 17 17 Bacteria;Actinobacteria;Actinobacteria;
WRMIMetales;Corynebacteriaceae;sf 1 16 17 Bacteria; Acinolismsteyie: 726
Actinobacteria;Actinomycetales;Gordoniaceae;sf 1 17 17 Bacteria;
Actinobacteria;Actinobacteria;Actinomycetales;Kineosporiaceae;sf 1 17 17
Bacteria;Actinobacteria;Actinobacteria;Actinomycetales;
Microbacteriaceac;sf 1 16 17 Bacteria;Actinobacteria;Actinobacteria;
Actl%ﬁwé’é‘t&@sﬂ‘l‘?ﬂiﬁmﬁeﬁ?ﬂéﬁé*Sﬁiﬁ*&@ﬂf?ﬁ%@ﬁac}k@mw’acté?|a 16

ACUQQQQCL‘% qtln%mpycgtg gsdl\/llc/gomgqioispg gceaesf17171 .
Ba@@d’ﬁmt PR J&I@hé?@i B mﬁ%f%%% Get E@Rhodop 17 17

Mydoliacteriaseae;sf 1 17 17 Bacteria; Actmobacterla Actinobacteria;
Act%ﬁﬁyc”éﬂtﬁf@sm@eﬁpéﬁae@é@c@mBlaiin'vzm@?radmﬂMmtena‘f 17
ActlighacieriaiAstinomyicetales Promigromonpsporaceae: of 117,17
Badleria; Actlnobacterla Actinobacteria; Actlnomyeyé)ta es;
Psetdernotardiacens;shdrieolfdBasteriajAdtinebrciciaActinobaeteriay
Acti‘ﬁ‘éfqn1 cetales; Streptomycetaceae sf117 17 Bacterla Actlnobacterla;

Act ECEM Légﬁf:%{t}agéﬁ tﬁﬁ&g&é ac’temaél :zé}lr;él ﬁ)§ 't%'nzo 1acede s‘f;l' ]g };

oot

Bacteria; Protechacteria; A lphaproteobacteria;Rhizobiales; Phyllobacteriaceac;sf 1 17 17
Bacteria;Proteobacteria; Alphaproteobacteria; Rhizobiales; Unclassified;sf 1 6 17
Bacteria;Proteobacteria; Alphaproteobacteria;Rhodobacterales; Rhodobacteraceae;s 17 17
fi

Bacteria; ;Proteobacteria; Alphaproteobacteria;Rickettsiales;Unclassified;sf | 17 17
Bacteria;Protecbacteria;Alphaproteobacteria; Sphingomonadates;Sphingomonadac 17 17
cae;sf |

Bacteria;Protecbacteria; Alphaproteobacteria; Sphingomonadales; Sphingomonadac 17 17
caesf 15

Bacteria;Proteobacteria;Aiphaproteobacteria; Unclassified;Unclassified;sf_6 17 17
Bacteria;Proteobacteria;Betaproteobacteria; Burkholderiales; Alcaligenaceae;sf i 16 17
Bacteria; Proteobacteria;Betaproteobacteria; Burkholderiales;Burkholderiaceae;sf 18 17
1 ) .

Bacteria; Proteobacteria; Betaproteobacteria; Burkholderiales;Comamonadaceag;sf . /6 17
1

Bacteria;szeobacteria;Beiapreteobactcria;BurkholderiaIes;Oxalobacteraceae;sf__ ¥ 17
i

Bacteria;Proteobacteria; Betaproteobacteria;Burkholderiales; Ralstoniaceae;sf 1 16 17

Bacteria;Proteobacieria; Betaproteobacteria;Methylophilales;Methylophilaceae;sf_ 76 17
I

Bacteria;Proteobacteria; Betaproteobacteria;Rhodocyclales;Rhodocyclaceae;sf 1 16 i7

Bacteria; Proteobacteria; Betaproteobacteria; Unclassified; Unclassified;sf 3 17 17

Bacteria; Proteobacteria;Deltaproteobacteria;Syntrophobacterales;Syntrophobacter /6 17

aceae;sf |

Bacteria;Proteobacteria; Epsilonprotesbacteria;Campylabacierales;Campylobacter 17 17

aceae;sf 3

Bacteria; Proteobacteria; Epsilonproteabacteria;Campylobacterales;Helicobacterac 17 17

gae;sf 3

Bacteria;Proteobacteria;Epsilonproteobacteria;Campylobacterales; Unclassified;sf 17 17
!

Bacteria;Proteobacteria;Gammaproteobacteria;Alteromonadales; Alteromonadacea 16 17

e;sf 1

Bacteria;Proteobacteria;Gammaproteobacteria; Chromatiales; ;Chromatiaceae;sf | 16 17

Bacteria; Proteobacteria;Gammaproteobacteria; Enterobacteriales; Enterobacteriace 16 17

ae;sf |

Bacteria;Proteobacteria; Gammaproteobacter;a Enterobacteriales; Enterobacteriace 17 17

ae;sf 6

Bacteria; Proteobacteria;Gammaproteobacteria; Legionellales;Unclassified;sf | 17 17

Bacteria; Proteobacteria;Gammaproteobacteria; Legionellales;Unclassified;sf 3 16 17
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16 17 Bacteria;Actinobacteria;Actinobacteria;Actinomycetales;

Unclassified;sf 3 17 17 Bacteria;Actinobacteria;Actinobacteria;

Rubrobacterales;Rubrobacteraceae;sf | 16 17 Bacteria;Actinobacteria;
Wetitfodgetéria;Unclassified;Unclassified;sf 1 16 17 BacteriaPCt/uS2007/624720

Actinobacteria;13D2-10 group;Unclassified;Unclassitied;sf 2 17 /6

Bacteria;Bacteroidetes;Sphingobacteria;Sphingobacteriales;Unclassified;

sf 3 16 17 Bacteria;Chloroflexi;Anaerolineae;Chloroflexi-la;Unclassified;sf

1 16 17 Bacteria;Chloroflexi;Anaerolineae;Unclassified;Unclassified;sf 9

16 17 Bacteria;Chloroflexi;Dehalococcoidetes;Unclassified;Unciassified;sf

1 1?31%”"ﬁfet@‘?aﬁ@j}‘éﬁ@ﬁa@féﬁéa@%ﬁﬁbfé’ei@ﬁéa@%i“ﬁﬁ'a%iﬁhIdﬁopld§ts;

5§'§Z +pRAcINA CyanobacisliaGyanehacieia Rloctonema; 4,
Un@lﬁsslfled sf1/6 17 Bacteria;Cyanobacteria;Unclassified;Unclassified;
Undlassitiediefobt6: UirBapternafFrmitutesiBaciltiBacilldles; Bacillaccae;sf

1 1’?%W“Eg@f%ﬁ?aﬁpﬁﬁm@"ga‘tﬁﬂm%ﬂiﬁl@g*’Fﬂ’a’RﬁB{éﬁhPa@é@éesf 1747 17
Baf%?&!ﬁiﬁw'?H;tﬁe?l%agél!hgaﬂﬁ!l@s‘?f%f&‘?”'baC'”aceae sf116 17 Bacteria;

FirnicutesRacilbastobaciiples:Enicraanseessansf 1 1517
Bacteria;Unclassified; Unclassified;Unclassified; Unclassified;sf_160 17 17
Bacteria; Verrucomicrobia; Verrucomicrobiae; Verrucomicrobiales; Verrucomicrobi 17 17
aceae;sf 7
Number of sub-families defecied in all samples over 17 week period 43 80

[0084] Table $8. Bacterial sub-families containing pathogens of public health and
bioterrorism significance and their relatives that were detected in aerosols over the 17 week
monitoring period.

Pathogens and relatives Austin San Antonio

Bacillus anthracls taxon # Wecks % of Weeks % of
] detected weeks detected  weeks

Bacillus cohnii, B. psychrosaccharolyticus, 3439 17 160.0 17 100.8

B. benzoevorans

Bacillus megaterium 3550 11 64.7 12 70.6

Bacillus horikoshii 3904 9 52.9 14 82.4

Bacillus  litoralis, B. macroides, 8.

. 3337 5 29.4 8 47.1
psychrosaccharolyticus
Srapi'f.)ldococcus saprophyticus, S. xylosus, §. 3659 7 41.3 05 88.2
cohnil
Bacillus  anthracis, cereus, thuringiensis,
mycoides + others 3262 0 0. t 59
Rickettsia prowazekil - rickettsi
Rickettsia ‘aus.tralzs, R. eschlimannii, R. typhi, 7556 5 1.8 5 29.4
R. tarasevichiae + others y
Rickeitsic prowazekii Tit4 0 0.0 0 6.0
Rickettsia ricketisii, R. japonica, R. honei 6300 4 23.5 10 58.8
others

- Burkholderia mallei - pseudomalici
Burkholderia pseudomallei, B. thailandensis 7876 10 58.8 14 82.4
Burkhelderia mallei 7747 10 58.8 8 471
Burkholderia  pseudomallei, Burkholderia :
cepacia, B.ropica, B. gladicli, B. stabilis, B. 8097 13 76.5 13 882
-59.



17 17 Bacteria;Firmicutes;Bacilli;Lactobacillales;Streptococcaceae;sf 1 16
17 Bacteria;Firmicutes;Catabacter;Unclassified;Unclassified;sf 1 16 17
Bacteria;Firmicutes;Clostridia;Clostridiales;Clostridiaceae;sf 12 17 17
wBaegtefiaiFitmicutes;Clostridia;Clostridiales;Lachnospiraceae@ st LinA2472¢
Bacteria;Firmicutes;Clostridia;Clostridiales;Peptococc/Acidaminococc;sf
11 17 17 Bacteria;Firmicutes;Clostridia;Clostridiales;
Peptostreptococcaccae;sf 5 17 17 Bacteria;Firmicutes;Clostridia;
Clostridiales;Unclassified;sf 17 16 17 Bacteria;Firrnicutes;Unclassified,;
PIYRE4S8Iff&d: Unclassified;sf 8 16 17 Bacteria;Nitrospira;Nitrospira;
cIasPirales.Nirospiraceae;sf 1 17 16 Bacteria,OP3;Unclassified;
Unclassified;Unclassified;sf 4 16 17 WO 2008/130394PCT/U
a&&ﬁ%/OM%%»BacterEaiE}rzoteoba%g%gfia;Alpha roteobac%eria; 0 :
saplpétobacterales; Acetobacteracea€;sf 17 16 acteria;Proteobactefia; 58
gﬂmﬁgﬁ)f’g yfg’g??f’éﬁa;AzospiriIIaIcsiEf}ﬁclassifte'fi;sf 1 16!1# Bacterigt 3.5
C,Emjgglﬁ fgi;%ﬁ]\g@aproteobacter_@i@radyrh|%ob|gles;i@ﬁgermck/l?@odpp P
chaniMethylecysisk 8 1.4 47 BacterigzRroteobagteria;Alpfjgproteobagteria; 4 4
Bradyrhizobiales;Bradyrhizobiaceae; sf1 17

Francisella tularensis

Tilapia parasite 9554 ] 5.9 2 11.8
Francisella fularensis 9180 O 4.0 0 8.0




17 Bacteria;Proteobacteria;Alphaproteobacteria;Bradyrhizobiales;
Hyphomicrobiacea e;sf 1 17 17 Bacteria;Proteobacteria;
Alphaproteobacteria;Bradychizobiales;Methylobacteriace ae;sf 1 16 17
WRaeeehidtProteobacteria;Alphaproteobacteria;Ellin314/wrO0®PLT/US2607/624720
Unclassified;sf 1 16 17 Bacteria;Proteobacteria;A hohaprotcobacteria;
Rhizobiales;Bradyrhizobiaceae;sf 1 16 17 Bacteria;Proteobacteria;
Alphaproteobacteria;Rhizobiales;Phyllobacteriaceae;sf 1 17 17 Bacteria;
Proteobacteria;Alphaproteobacteria;Rhizobiales;Unclassified;sf 1 16 17
Ractéi945 rbibbacldntipuppn sfeevbactienn bt st erdlbhacal phyla.
Rhndnhartprarpap 'S f1 17 17 Rartprla Pmtpnhar‘fpna
58 : ESPRIEIASHNA PPy TP gEtEled on array
ARﬁawobacterla Alphaproteobacterla Sphlngomonadales Sphingomonadac

Ceeawsehfedt11 7 17 Bacteria;Proteobacteria;Alphaproteobacteria; 79
Eg i Binonadales;Sphingomonadac eae;sf 15 17 17 Bacteria, 224
KQ'E;% acteria; ;Alphaproteobacteria;Unclassified;Unelassified;sf 6 17 17 ®

sBactaria:Pxeiebacteria;Betaproteobacteria;Burkholderiales; 397

Alcaligenaceae;sf 1 16 17 Bacteria;Proteobacteria;Betaproteobacteria,;
gBurkholderiales;Burkholderiaceae;sf 16 17 1 Bacteria;Proteobacteria;

1Betaqroteobacteria;Burkholderiales;,Comamonadaceae;sf 16 1
Acidobacteria 98
Actinobacteria 810
AD3 1
Aguificac 19
Bacteroidetes 880
BRCI 3
Caldithrix 2
Chlamydiae 27
Chlorobi 21
Chioroflex 117
Chrysiogenetes 1
Coprothermobacteria 3
Cyanobacteria 202
Deferribacteres ) 5
Deinococcus-Thermus 18
Dictyoglomi 5
DES1 ) . 2
EM3 2
Fibrobacteres 4
Firmicutes 2012
Fusobacteria - 29
Gemmatimonadetes 15
L.DIPA group ) 1
L.entisphacrae 8
marine group A 5
Natroneanzerobium 7
NCIO 4
Nitrospira 29
NKB19 2
0D 4
oDz 6
OP1 5
OP1G 12
0PIl 20
OP3 5
- OPs 3
0P8 8
OP9/I81 12
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17 1 Bacteria;Proteobacteria;Betaproteobacteria;Burkholderiales;
Oxalobacteraceae;sf 17 17 1 Bacteria;Proteobacteria;
Betaproteobacteria;Burkholderiales;Ralstoniaceae;sf 1 16 17 Bacteria;
WRrBisotseteria,Betaproteobacteria;Methylophilales; Methylophiildceae]sk4 66
17 1 Bacteria;Proteobacteria;Betaproteobacteria;Rhodocyclales;
Rhodocyclaseae;sf 1 16 17 Bacteria;Proteobacteria;Betaproteobacteria;
Unclassi fled; Unclassified;sf 3 17 17 Bacteria; Proteobacteria;
Deltaproteobacteria;Syntrophobacterales;Syntrophobacter aceae;sf 1 16
%Bacterla Proteobacteria;Epsi lonproteobacteria;Campylobacterales;
@mpyegpacter aceae;sf 3 17 17 Bacteria;Proteobacteria;
;:l%ggﬂg@pgoteobactena Campylobacterales;Helicobacterac eae;sf 3 17 ]3]70
sBeaateria;Proteobacteria;Epsilonproteobacteria;,Campylobacterales; 2
Shinciagsifted;sf 17 17 1 Bacteria;Proteobacteria,Gammaproteobacteriais0
SNteromonadales -Alteromonadacea e;sf 1 16 17 Bacteria;Proteobacteria; 14

2

T@ lt:;fgl}grpteobactena Chromatiales;Chromatiaceae;sf 1 /6 g
Thermodesulfobacteria 4
Thermotogae 15
TG . 5
TMT 45
Unclassified 325
Verrucomicrobia 78
W81 2
WS3 7
WS35 1
wSse 4
Bacterial taxa subtotal 8434

Fotai taxa 8741
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17 Bacteria;Proteobacteria;,Gammaproteobacteria;Enterobacteriales;
Enterobacteriace ae;sf 1 16 17 Bacteria;Proteobacteria;
Gammaproteobacteria;Entcrobacteriales;Enterobacteriace ae;sf 6 17 17
WRaeeiid Proteobacteria;Gammaproteobacteria;LegionellaleB{UALIaKS izt 20
sf 1 17 17 Bacteria;Proteobacteria;Gammaproteobacteria;Legionellales;
Unclassitied;sf 3 16 17 WO 2008/130394PCT/US2007/024720 Bacteri a;
ProteobacteriatGammaproteobacta;PseudomonadalestMoraxellaceaets 3

16 17 BacteriatProteobacteriatGammaproteobacteria;Pseudomonadales;
Fipag donisnkdierdaptersure 19 phylotypes within the urban aerosol clome library
obiningd fiam St bR SRS AT to BHKtRRREE e ramntchyssifueias at
99?/@31?%%%5%%%%@% neighbor joining.

ProteobacteriatGammaproteobacteriatXanthomonadales; Xanthomenadac

ea?tgf 317 17 BactcriatTM7;1M7-3;Unclassified;Unclassifiedtsf 1 16 17

Batte ia;UnclassifiedtUnclassified;Unclassified;Unclassified;sf148 16 17

%acte jatUnclassified;Unclassified;Unclassified;Unclassifiedtsf 160 17 17

BadttiiatVerrucomicrobiat VerrucomicrobiaetVerrucomicrobiales:
pnnerobi acearsf 7 17 17 Number of sub-families detected in all
S s over 17 week period 43 80 [00841 Table S8. Bacterial
sub-families containing pathogens of public health and bioterrorism
icance and their relatives that were detected in aerosols over the 17
honitoring period.

Y &0 100 150 200 250
phylotype rank -
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Pathogens and relatives Bacillus anthracis Bacillus cohnii, B.
psychrosaccharolyticus, B. benzoevorans Bacillus megaterium Bacillus
horikoshii Bacilluslitoralis,B.macroides,B. psychrosaccharolyticus

Watshysedtcus saprophyticus, S. xylosus, S. cohnii PCT/US2007/624720
Bacillusanthracis,cereus,thuringiensis, mycoides + others Rickettsia
prowazekii - rickettsli Rickettsia australis, R. eschlimannii, R. typhi, R.
tarasevichiae + others Rickettsia pro wazekii Rickettsia rickettsii, R.
japonica, R. honei + others Burkholderia mallei - psetidomallei

FigiiacRéidetne pseddbralishBsthailardensiseBirkholoeimiisating an under-

esRRABIaERrapiRT R DR PoRIET A e 65 lresBasupiesd. B. gladioli, B,
stabilis, B. Austin San Antonio taxon # 3439 3550 3904 3337 3659 3262
7556 7114 6809 7870 7747 8097 Weeks detected 17119570204 10
10 13 % gfweeks 100.0 64.7.52.9
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29.441.2 0.0 11.8 0.0 23.5 58.8 58.8 76.5 Weeks detected 17 12 14 8 15
5010 14 8 15 % of weeks 100.0 70.6 82.4 47.1 88.2 5.9 29.4 0.0 58.8
82.4 47.1 88.2 WO 2008/130394 plantarii + ethers

WRCTRISTEOO7/024720 Clasiridum bat:annum - perfringens PCT/AIS2067/024720
Clostridiumbutyrieum,C.bara C.

Figure S3. Latin square assessment of 168 rRNA. gene sequence quantitation by micIcarTay.
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sardiniense+ others 4598 3 17.6 | 058.8 Clostridium botulinum type C

4587 2 11.8 423.5 Clostridiutn pecfringens 4576 1 5.9 15.9 Clostridium

botulinum type G 4575 3 17.6 741.2 Clostridium botulinum types B and E
WH3BE0I030400.0 Francisella rularensis  Maple parasite 9F84/LBB7/024720

211.8

Figure S4. Comparison of real-time PCR and array monitoring of Pseudomonas oleovorans
density in aerosol samples from San Antonio. Corrected Array Hybridization Score is the
In(intensity) normalized by internal spikes as described under Normalization,

1.5
r=0.75%
ag | r2= 0.57
e adjusted r2= 0.55 ®
2 p=8.8E-06
£, o, A8
O g
&9 Q
@ 8
| cag o] |
g’ zg 2.5
£
% = 1.5
[45
@ L
L~
1.4 A
@l o
0.5

5.0 5.2 5.4 5.6 5.8 6.0 6.2 6.4 6.8
Corrected ArrayHybridization Score
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Francisella tularensis 9180 0 0.0 00.0 [0085] Table S9. Distribution of
array taxa among Bacterial and Archaeal phyla. PhylaNumbers of taxa in
phylum represented on array Archaea Crenarchaeota79
WEHPaIEIa0ta224 Korarchaeota3 YNPFFAL Archaeal taxa BUDIGt 480724720
Bacteria 1959 groupl Acidobacteria98 Actinobacteria810 A D31
Aquificac19 Bacteroidetes880 BRC I3 Caldithrix2 Chlamydiae27
Chlorobi21 Chloroflexil17 Chrysiogenetesl Coprothermobacter a3
Cyanobacteria202 Deferribacteres5 Deinococcus-Thermus18
Dictyoglomi5 DSS12 EM32 Fib¥sBdatétdSdiSirmicutes2012
Fusobacteria29 Gemmatimonadetes15 LD | PA groupl L,entisphaerae8

marine group A5 Natronoanaerobium?7 NCIO4 Nitrospira29 ‘
f0657]  The foregoing written specification is considered to be sufficient v enable

one skilled in the art to practice the present embodiments. The foregoing description and
Examples detail cerfain preferred embodiments and describes the best mode contemplated by
the mventors. It will be appreciated, however, that no matter how detailed the foregoing may
appear in text, the present embodiments may be practiced in many ways and thé present
embodiments should be construed in accordance with the appended claims and any

equivalents thereof,

[0058] The term “comprising” is intended herein to be open-ended, including not

only the recited elements, but further encompassing any additional elements.
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NKBI92 OD14 OD26 ON5 OP | 012 OP |1 120 OP35 OP53 OP88 0 P9/JS
112 WO 2008/130394PCT/US2007/024720 OS-K2 OS-L1 P | an
ctomycctes182 Proteobacteria3170 SPAM2 Spirochaetes150 SRI4
Synergistes19 Termite group 16 Thermodesulfobacteria4 Thcrmotogael5
TM65 TM 745 Unclassified329 Verrucomicrob a78 WS 12 WS37 WS51
WS64 Bacterial tan subtotal8434 Total taxa8741 WO
2008/130394PCT/US2007/024720 Figure Sl. Rank-abundance curve of
. hyl vithin the urban aerosol clone library obtained from San
WHAE%O%R‘S&I@%%Q week 29. Phylotypes were determined by clustering at
99% hlgr{)olo%u(;sin nearest neighbor joining. Figure S2. Chaol and ACE
rERNess estimators ]rglﬁ%h-asymptotic indicating an underestimation of
predicted richness based on numbers, of clones sequenced. number. of
e D L L e B R e sl
whereip fiieliid YN tIEAREY R CF6H A Ebe S BPE6 S MBletGEenn © fragments of
165 Rhydudigation ekitjureSdsiCendpaisothef eal-tise RCR andoapayorresponding to

cach JPORHNINGQf PSRHIAMNNONES0lRAUAANS deRSIYIRIABLOSYHSAPRIGS oM least |

San Antonio. Corrected Array. Hybridization Scare is th In(intensity), .
o R ) S S A R AR ALY Mool ™ e feve of

confiderfiteetetPEiPAYIHFidi 24N Scdraved trom fragment matches is about 90% or
higher.

2. The array system of Claim 1, wherein the plurality of organisms comprise bacteria or
archaea.
3. The array system of Claim 1, wherein the fragments of 16s RNA are clustered and

aligned into groups of simifar sequence such that detection of an organism based on at least

11 fragment matches is possible.

4, The array system of Claim 1, wherein the level of confidence of species-specific

detection derived from fragment matches is about 95% or higher.

5. The array system of Claim 1, wherein the level of confidence of species-specific

detection derived from fragment matches is about 98% or higher.

6. The array system of Claim 1, wherein the majority of fragments of 165 RNA unique to
each organism have at least 1 corresponding variant fragment comprising at least | nucleotide

mismatch.

7. The array system of Claim 1, wherein every fragment of 16s RNA unigue to each

organism has at least | corresponding variant fragment comprising at least ! nucleotide

mismatch.

8. The array system of Claim 1, wherein the fragments are about 25 nucleotides fong.

9. The array system of Claim 1, wherein the sample is an environmental sample.

10. The array system of Claim 9, wherein the environmental sample comprises at least one

of soil, water or atmosphere.

11. The array system of Claim 1, wherein the sample is a clinical sample.
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EQUIVALENTS 100571The foregoing written specification is considered
to be sufficient to enable one skilled in the art to practice the present
embodiments. The foregoing description and Examples detail certain
preferred embodiments and describes the best mode contemplated by the
inventors. It will be appreciated, however, that no matter how detailed the
foregoing may appear in text, the present embodiments may be practiced
in many ways and the present embodiments should be construed in
~  aegor jth t n I ) [vale of,.
2 (c?é?%s%;ﬁ?eﬁy%%?’?-??ﬁé’ﬁ&ngﬁ%ﬁiﬁéﬁ%ﬁd@dﬁgﬁﬁ%ﬁ*ﬁ‘ﬁ‘§§§aﬁﬁﬁ§§oﬁﬁ east one of
tissue; ik fijuf &’ﬁ’éﬁ%ﬂﬂf’fﬁ’é"%ited elements, but further encompassing any
. a%ﬁitiori\al elements. WHAT IS CLAIMED IS An array system comprising:
7 a f%%}ﬁ?a%? Sifigiret 16 LM eIREL Rl FERE &b lurality of organisms
ina ?amgle, Wh?rein the migroa]i%;l%_corgprjses perfectly matching probes .
cOmpIETREhtARPts TABRMERTS DP 1L RNA Ussitjlieto ‘Bdth Brgamsiiang “laim 1
noYe eaR G mishvatehify (hrobew borrdsponditg toseatingf saitsidered present
perfedtlymatehingprohas whigrinaaidmismaicing pFrae S eamPlisgsats pairs
Ie&;é&gq@gmg@g@ig{@aid corresponding perfectly matching probe,
wherein the level of confidence of species-specific detection derived from

14, fragmentimatehesis,abaut 30%ar NIORGT 12 T, Qﬁ&gmsﬁxém&%s@%ﬁ@hm or
al_Cmela._ wherein the pIura_Ilty of organisms comprise bacteria or archaea. 3. The
array system of Claim I, wherein the fragments of 16s RNA are clustered
- and aligned.into groups_of similar sequence such that detection of an
15 R T e Tt e e RD TSRt O P apighe 10
each agapa dREIdMcRsivhepsipsBnadevey o vorTRBRY efispusiegaigeifi¢ nucicotide
mismalefection derived from fragment matches is about 95% or higher. 5. The
array system of Claim 1, wherein the level of confidence of
16.  speciesespatiiic détaetion. detivediirova:frajapantmatches igMlout28% ©r cach
organtiBNELs & TR aray Rystemof Claim, L whgsin the majority: of IROMERIS. ovide
mism (%&%I.GS RNA unique to each organism have at least | corresponding variant
Ei‘ragment comprising at least 1 nucleotide mismatch. 7. The array system
of Claim.1 in every fragment of 16s RNA unigue_to each.organism
T S g e STreb e ome
nycleotide mismatch. . 8. The arrgy system of Claim 1, wherein the .
L T 26 n e T G ANy S AP bl mos
metabglitatei REHESLFANE TS U AV HtaP&ERIBle. 10. The array system of
Claim 9, wherein the environmental sample comprises at least one of soil,
water or atmosphere. 11. The array system of Claim I. herein the sample
is a clinical sample. 12. The array system of Claim 11. wherein the
clinical sample comprises at least one of tissue, skin, bodily fluid or blood.
13. A method of detecting at least one organism comprising: applying a
sample comprising a plurality of organisms to the array system of Claim 1;
and identifying organisms in the sample, wherein said organism is
considered present in said sample when at least a threshold percentage
of a plurality of said variants pairs assigned to a taxa are positive. 14. The
method of Claim 13wherein the plurality of organisms comprise bacteria or
archaea. 15. The method of Claim 13, wherein the majority of fragments
of 16s RNA unique to each organism have at least 1 corresponding
variant fragment comprising at least 1 nucleotide mismatch. 16. The
method of Claim 13, wherein every fragment of 16s RNA unique to each
organism has at least 1 corresponding variant fragment comprising at
least 1 nucleotide mismatch. 17. The method of Claim 13, wherein the
fragments are about 25 nucleotides long. 18. The method of Claim 13,
wherein the at least one organism to be detected is the most metabolically
active organism or organisms in the sample. 19. The method of Claim
13, wherein the sample is of the digestive system. 20. The method of
Clain 13, wherein said threshold percentage is from about 70% to about
100%. 21. The array system of Claim 1, wherein said array
simultaneously detects the presence or absence of a majority of currently

known organisms. 72.The array system of Claim 1, wherein the level of
ronfidence Nnf eneacieac-cnecific detactinn derivved from fracoment matchec i



19.  The method of Claim 13, wherein the sample is of the digestive system.

20.  The method of Claim 13, wherein said threshold percentage 1s from about 70% to
about 100%.

21. The array system of Claim 1, wherein said array simultaneously detects the presence

or absence of a majority of currently known organisms.

22, The array system of Claim 1, wherein the level of confidence of species-specific

detection derived from fragment matches is at least 95%.

23, The array system of Claim 1, wherein the level of confidence of species-specific

detection derived from fragment matches s at least 98%.

24, The array system of Claim [, wherein said system is capable of linear detection of 16s

rRNA sequences over 5-logs of sequence concentration.

25, The array system of claim 1, wherein for a majority of organisms that can be detected
by said system, said system comprises probes complementary to fragments of 16s RNA

unique to said organism.

26.  The method of claim 13 further comprising quantifying rRNA molecules present in

said sample.

27. The method of claim 13 further comprising determining an average number of

ribosomes within each of a plurality of cells within a sample.
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