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FIG. 12C-1

V1 region (SEQ ID NO: 319)
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B IR IR N IR DINUINE ERNDIUR DU SR D SR DO

65 75 85 95 105 115
E. coli gtcgaacggt aacaggaaga agettgette tttgcotgacy agtggeggac gggtgagtaa
SRS N TR [ N I R P R T D

125 135 145 155 165 175

E. coli tgtetgggaa actgectgat ggagggggat

V2 region (SEQ ID NO: 320)

TP OO R S

165 175

E. coli a aacggtagct aataccgcat
B N I D P I IO R I I
185 195 205 215 225 235
E. coli aacgtcgraa gaccaaagayg ggggaccottc gggoctotty ccatcggaty tgeccagatyg
B P e T T I T |
245 255 265 275 285 295
E. coli ggattagceta

V3 region (SEQ ID NO: 321)

| IR DI IS R P S A I
435 445 455 465 475
a aagtactttc agcggggagg aagggagtaa agttaatacce tttgeteatt

P [P T I R P R N T I D I
485 495 505 515 525 535
E. coli gacgttacee geagaagaag caccggetaa

E. coli
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FIG. 12C-2

V4 region (SEQ ID NO: 322)

825 835
E. coli t gtecgacttgyg aggttgtgcec
U IR R (P R RN P INUD NPV AN I I
845 855 865 875 885 895
E. coli cttgaggegt ggctteeygga getaacgegt taagtegaco
V6 region (SEQ ID NO: 323)
A I IV IS IR I I DA
1105 1115 1125 1135
E. coli ¢ aacgagegea acocttatcee tttgttgeca geggtocgge
RV DU R PUROR EE S EUIN DS RN DR BN B
1145 1155 1165 1175 1185 1185

E. coli cgggaactca aaggagactg
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V1 plus flanking region (SEQ ID NO: 324)

§. cerevis

5. cerevis

S. cerevis

5. cerevis

$. cerevis

8. cerevis

S. cerevis

5. cerevis

8. cerevis

3. cerevis

N
65
aagtataagce

O B
125
trgatagtic

R R
185
aatctcgacc

ol
245
ttgatgattc

A DU
305
atttctgcce

U I
365
cggggaataa

o
425
aggcageagy

R R
485
atacagggcec
RS B
545
aacaattgga

el
75

aatttataca

el
135
ctittactaca

A
195
ctttggaaga

A D
255
ataataactt

o]
315
tatcaacttt

R I
375
gagttegatt

U DU
435
cgogeaaatt
A
495
cattogggte

oo

555

]
a5
gtgaaactge

ol
145
tggtataace

R DU
205
gatgtattta

S S
265
ttecgaatege

R D
325
cgatggtagyg

coteeo
385
coggadgagdy

N D
445
acccaatect
R D
505
ttgtaattgy

R D
565

e
95

gaatggctca

vl
155
gtggtaattc

vl
215
ttagataaaa

R BN |
275
atggccttgt

R D
335
atagtggcect

R D
395
agectgagaa

U R
455
aattcaggga
RV IR |
515
aatgagtaca

N

575
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|

<

A
105
ttaaatcagt

P
165
tagagcetaat

U I
225
aatcaatgtc

A D
285
gctggcgatyg

R D
345
accatggttt

RV AR
405
acggcetacca

R I
465
ggtagtgaca
R
525
atgtaaatac

ol
585

b
55

atgcatgtct

B P
115
tatcgtittat

cofe ]
175
acatgcttaa

RO
235
ttogeactot

R D
295
gttcattcaa

R B
355
caacgggtaa

R I
415
catecaagga

S
475
ataaataacy
P
535
cttaacgagyg

595
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FIG. 12D-2

V2 region (SEQ ID NO: 325)
i

S. cerevis t

SRR IOV R ISP R ISP RPN ISV SRDNPE IS ERSURUINS IR
605 615 625 635 645 655
$. cerevis attaaagtty ttgcagttas aaagotogta gtitgaactit gggoooggtt ggooggtoey

Lo o] P R DU R DR oo

665 675 685 695 705 715
5. cerevis attttttegt gtactggatt tccaacgggyg cctttoctte tggetaacot tgagtocottg

ol e e e e e
725 735 745 755 765 775
S. cerevis tggetettygy cgaaccagga cttttacttt gaasaaatba gagtgtbcaa agcaggcogta

VR VS I U R IPUPE AU [P IR I DI I
785 795 805 815 825 835
S, cerevis ttgetegaat atattageat

V3 region (SEQ ID NO: 326)

| . oot . o]

805 815 825 B35

S. cerevis t ggaataatag aataggacgt ttggttcectat tttgttggtt
el el e e e e e
845 855 865 875 885 895
S. cerevis tctaggacca tcogtaatgat taatagggac
V4 region (SEQ ID NO: 327)
RS DA R B
100 1015
S. cerevis t ggtaccgteyg tagtcttaac
U [PV EONN Y A (S IR IR EUIPN PN RN B
102 103 104 105 106 107

S. cerevis catazactat gocgactaga tegggbogbty tttttttaat gacccacteyg ghtaccttacy

N I T I I N R I R I T
108 109 110 111 112 113
5. cerevis agaaatcaasa gtotitgggt

VS region (SEQ ID NO: 328)

| oo (oo o]

135 136 137

S. cerevis t gotageattt gotggttatc cacttottag
B T o o I v O TP U
138 139 140 141 142 143

5. cerevis agggactatc ggtttcaage cgatggaagt ttgaggcaat aacaggtcectyg tgatgccctt
SRS IS (RN SRS EARRNS (RPN AP N I SRR EEDIPI R
144 145 146 1475 1485 149

5. cerevig agaacgttoet
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FIG. 13
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Fig. 15A Fig. 15C
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Fig. 16
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1
COMPOSITIONS, PRODUCTS, METHODS
AND SYSTEMS TO MONITOR WATER AND
OTHER ECOSYSTEMS

RELATED APPLICATIONS

This application is a continuation-in-part of currently
pending U.S. patent application Ser. No. 11/716,450, filed on
Mar. 9, 2007, and U.S. patent application Ser. No. 11/716,
895, filed Mar. 12, 2007, which are both divisional applica-
tions of U.S. patent application Ser. No. 11/071,849 filed Mar.
3, 2005, now U.S. Pat. No. 7,214,492, which is a continua-
tion-in-part of U.S. patent application Ser. No. 10/131,618,
filed Apr. 24, 2002 now abandoned; and is also a continua-
tion-in-part of U.S. patent application Ser. No. 11/527,129,
filed on Sep. 26, 2006, which is a continuation of U.S. patent
application Ser. No. 10/131,618, filed Apr. 24, 2002 now
abandoned. The disclosures of U.S. patent application Ser.
No. 10/131,618, U.S. patent application Ser. No. 11/071,849,
patent application Ser. No. 11/716,450, and patent applica-
tion Ser. No. 11/716,895 are hereby incorporated by reference
in their entireties.

FEDERAL FUNDING

Parts of this work were supported by federal funding in the
form of a Cooperative Agreement #82946501 with the Envi-
ronmental Protection Agency to C. Neal Stewart, Vincent C.
Henrich and Parke A. Rublee, an Environmental Protection
Agency STAR Grant #R831627 to Parke A. Rublee, and a
Small Business Innovation Research Grant awarded to
Michael Marshall by the U.S Environmental Protection
Agency. Thus, the government may have rights in this inven-
tion.

FIELD OF THE INVENTION

The present invention relates to compositions, products,
methods and systems to monitor water and other ecosystems
for parameters of interest.

BACKGROUND

Human development can result in chemicals, waste, and/or
agricultural runoff being introduced into the ecosystem.
Increases in population may lead to over-harvesting of marine
resources, landscape alterations that alter the ecosystem, and
the introduction of living and non-living contaminants into
the ecosystem (Mallin, M. A, et al. 2000, Marine Pollution
Bulletin, 41:56-75). Additionally, as the threat of bioterrorist
activities has become evident in recent years, concern about
the vulnerability of ecosystems such as municipal water sup-
plies to deliberate contamination has grown.

For example, water and/or other ecosystems may be con-
taminated with heavy metals, such as mercury. Such contami-
nation may enter water supplies through natural deposit ero-
sion, factory and refinery discharges, landfill/cropland
runoffs, and coal power plant emissions. Most of the mercury
in lakes and sediments exists in the more reactive inorganic
mercuric form Hg(II), which can be effectively transported
across microbial membranes and subsequently converted to
organic mercury compounds, or methyl mercury (MeHg)
(Morel et al., 1998, Anun. Rev. Ecol. Syst. 29:543-66.).
Although the conversion of inorganic mercury to organic
mercury may occur under aerobic conditions, it is predomi-
nantly due to dissimilatory sulfate or iron reducing bacteria
under anoxic conditions (Kerin et al., 2006, App!. Environ.
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Microbiol. 72:7912-7921). MeHg is a highly toxic compound
and may constitute up to 20% or more of the total mercury
concentration in sediments (Osborne, et al., 1997, FEMS
Microbiol. Rev. 19:239-262; Nascimento and Chartone-
Souza, 2003, Genet. Mol. Res., 2:92-101). Since mercury can
accumulate in living tissues, its concentration tends to be
greater at higher trophic levels of the natural food chain.
Consequently, ongoing, low-level consumption of mercury-
laden food poses a chronic health risk to humans. Other
contaminants may be equally as problematic.

Reservoirs, recreational lakes, and coastal areas can be
difficult to secure against accidental or intentional contami-
nation. Further, the contamination of a water source has the
propensity to impact a relatively large population, and water
filtration systems may not sufficiently alleviate the threat.
Also troubling is the lack of a real-time test to detect the
agents that are most likely to contaminate water supplies. The
turnaround times for culturing microbes and/or obtaining
chemical test results is slow enough that consumption of
contaminated water may occur before the test results are
known. Also, the expense involved in frequent monitoring of
the water supply with currently available laboratory tests can
be prohibitive.

As yet, there has not been a large-scale, deliberate contami-
nation of a municipal water source. However, sporadic and
relatively confined natural contaminations have demon-
strated the importance in being able to monitor the water
supply. The number of outbreaks attributable to contaminated
drinking water supplies more than doubled in 1999-2000 over
the previous two-year period, with contamination of well
water also on the rise. In addition, recreational water sources
have also reported significant increases in contamination
(Bowman, 2002, Outbreaks of waterborne illnesses on the
rise in US, Scripps-Howard News Service, Nov. 23, 2002).
These incidents of water contamination were exacerbated by
the difficulty in pinpointing the cause of the outbreak and
subsequent misdiagnosis of the symptoms, illustrating the
importance of “early warning” diagnostics of water supplies.

A number of microbial genome sequencing projects have
been initiated to characterize pathogenic organisms.
Although identification and characterization of genomic
sequence data for individual pathogens may provide for the
identification of specific microbes, such targeted testing fails
to provide a comprehensive, economically feasible system
for monitoring ecosystems of interest, such as municipal
water supplies. The accuracy of a molecular diagnostic test
for a microbe may be compromised where the pathogenic
agent is endemic, or possesses substantial genetic similarity
to non-pathogenic organisms (Leff et al., 1995, Appl. Envi-
ron. Microbiol., 61:1634-1636; Xiao et al, 1999, Appl Envi-
ron. Microbiol., 65:3386-3391). Also, although some puta-
tive contaminants of water have been identified, anticipating
all possible contaminants is not feasible, and thus, specific
tests are inherently limited.

Thus, there is a need for devices and methods that enable
real-time monitoring of water supplies and other ecosystems
of interest. The monitoring system should allow for detection
ofknown, as well as unknown, contaminants. The monitoring
system should be available in a format that is accessible for
routine monitoring, as well as for rapid testing in response to
a specific event.

SUMMARY

The present invention provides compositions, products,
methods and systems for monitoring aquatic ecosystems and
other ecosystems. The present invention may be embodied in
a variety of ways.
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In certain embodiments, the present invention comprises a
composition comprising an isolated oligonucleotide, wherein
the nucleic acid sequence of the isolated oligonucleotide is
specific to a single operational taxonomic unit in an ecosys-
tem, and wherein the oligonucleotide comprises a bioindica-
tor for one or more parameters in an ecosystem. In some
embodiments, the ecosystem is an aquatic ecosystem. In
some embodiments, the parameter is the presence or absence,
or level of mercury in the ecosystem.

In other embodiments, the present invention comprises a
product for monitoring an ecosystem, the product comprising
an isolated oligonucleotide, wherein the nucleic acid
sequence of the isolated oligonucleotide is specific to a single
operational taxonomic unit in an ecosystem, and wherein the
oligonucleotide comprises a bioindicator for one or more
parameters in an ecosystem. In some embodiments, the eco-
system is an aquatic ecosystem. In certain embodiments, the
product comprises a plurality of individual locations, the
plurality of locations each comprising an oligonucleotide
having a nucleic acid sequence that is derived from a single
operational taxonomic unit in the ecosystem. For example,
one embodiment of the present invention comprises an array
for monitoring an ecosystem for a parameter such as the
presence or absence of mercury, the array comprising a plu-
rality of oligonucleotides immobilized at known locations on
a substrate, such that the array comprises a plurality of loca-
tions each having at least one oligonucleotide having a
sequence derived from a single, predetermined microbial
operational taxonomic unit (OTU).

Another embodiment of the present invention may com-
prise a method to identify a bioindicator for an ecosystem. In
some embodiments, the ecosystem is an aquatic ecosystem.
The method may comprise the step of isolating a plurality of
distinct DNA molecules from an ecosystem. The method may
further comprise determining the sequence of at least some of
the plurality of DNA molecules. Also, the method may com-
prise grouping the DNA sequences into operational taxo-
nomic units; and identifying at least one nucleic acid
sequence that is specific to a single operational taxonomic
unit in the ecosystem. The method may also comprise corre-
lating detection of a nucleic acid sequence that is specific to a
single operational taxonomic unit to a parameter of the eco-
system, such that the nucleic acid sequence specific to the
single operational taxonomic unit comprises a bioindicator of
the parameter in an ecosystem.

Yet other embodiments of the present invention comprise
methods for monitoring an ecosystem for one or more param-
eters of interest. In some embodiments, the ecosystem is an
aquatic ecosystem. For example, in some embodiments, the
present invention may comprise a method to monitor a
parameter of an ecosystem comprising the step of obtaining a
sample from an ecosystem. The method may also comprise
using an oligonucleotide specific to a single operational taxo-
nomic unit to determine whether a nucleic acid sequence
specific to the operational taxonomic unit is present in the
sample, and correlating detection of the nucleic acid sequence
specific to the operational taxonomic unit to a parameter of
the ecosystem.

Yet other embodiments may comprise a system for moni-
toring an ecosystem for one or more parameters of interest.
The system may, in some embodiments, comprise a device for
analysis of bioindicator profiles related to the one or more
parameters of interest.

In some embodiments, the compositions, products, meth-
ods and systems of the present invention may comprise a
bioindicator that provides information about a parameter of
the ecosystem. In certain embodiments, the parameter may
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comprise the presence or absence of mercury, or the levels of
mercury in the ecosystem. For example, certain embodiments
of the compositions, products, methods, and systems of the
present invention may comprise an isolated oligonucleotide
having the sequence as set forth in SEQ ID NO: 329-SEQ ID
NO: 340 or SEQ ID NO: 351-SEQ ID NO: 370, or the
sequence as set forth in SEQ ID NO: 341-SEQ ID NO: 350 or
SEQ ID NO: 371-SEQ ID NO: 388, wherein the oligonucle-
otide is a bioindicator for the presence or absence of mercury,
or the levels of mercury in the ecosystem. Or the bioindicator
may be specific for the presence and/or absence or levels of
any other physical (e.g. temperature, pressure), chemical (e.g.
alkalinity, pH, element or compound), or biological compo-
nent (e.g. a virus, a bacterium, an algae, a protozoan, a fungus,
or another flora or fauna) or characteristic of the ecosystem.

There may be certain advantages that may be realized with
various embodiments of the present invention. By using com-
positions, products, methods and systems comprising nucleic
acid sequences that are specific to microbial operational taxo-
nomic units (OTUs) that are correlated with a parameter such
as the presence or absence of mercury or other parameters, a
wide variety of microbial taxa may be characterized in vari-
ous ecosystems. Thus, the compositions, products, methods
and systems of the present invention may provide a single test
that provides substantially comprehensive information on
community structure.

The compositions, products, methods and systems of the
present invention may, in certain embodiments, provide
quantitative data. For example, by using quantifiable labels to
label individual samples, or to differentially label specific
sequences in a single sample, the techniques of the present
invention may provide information on the abundance of spe-
cific organisms of interest, such as key bioindicators, patho-
gens, or microbial contaminants in a water system.

Also, the compositions, products, methods and systems of
the present invention, if applied to a number of samples over
time, may be able to indicate the “trajectory” of the ecosystem
as either improving or degrading, where probes associated
with contamination of the ecosystem of interest with mercury
and/or other contaminants are monitored.

For example, microorganisms generally respond rapidly to
environmental changes. The compositions, products, meth-
ods and systems of the present invention may therefore pro-
vide results in near “real-time” (i.e., within hours) of an event
occurring, such as a contamination of the ecosystem with
mercury. Thus, the compositions, products, methods and sys-
tems of the present invention may detect changes in ecosys-
tem perturbations early, so that potential problems may be
quickly rectified.

There may be a large number of microorganisms specific to
any one ecosystem of interest, such as a specific body of
water. Also, the prevalence of particular microorganisms may
vary depending upon the water source. Still, by prudent selec-
tion of the nucleic acid sequences used as part of the compo-
sitions, products, methods and systems of the present inven-
tion, it may be possible to detect and monitor a plurality of
microorganisms that are specific to certain ecosystem param-
eters. Thus, once developed, the compositions, products,
methods and systems of the present invention can be a highly
cost-effective way to monitor a variety of ecosystems. Also,
the compositions, products, methods and systems of the
present invention may be easily modified and expanded to
include new targets of interest as they are identified.

A microbial community may be affected by biological
changes, physical changes, or chemical changes to the envi-
ronment. Because the compositions, products, methods and
systems of the present invention can provide a measure of the
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microbial community, the techniques of the present invention
may be sensitive to a wide variety of changes that may occur
as a result of changes in the ecosystem of interest.

The present invention may be better understood by refer-
ence to the description and figures that follow. It is to be
understood that the invention is not limited in its application
to the specific details as set forth in the following description
and figures. The invention is capable of other embodiments
and of being practiced or carried out in various ways.

BRIEF DESCRIPTION OF THE FIGURES

The file of this patent contains at least one drawing
executed in color. Copies of this patent or patent application
publication with color drawing(s) will be provided by the
Office upon request and payment of the necessary fee. The
present invention may be better understood by reference to
the following figures.

FIG. 1 shows a method for identification of a bioindicator
and use of such bioindicators to monitor ecosystems in accor-
dance with an example embodiment of the present invention.

FIG. 2 shows rank-abundance curves for 16S rDNA librar-
ies from three different lakes (Lake Townsend, N.C.; City
Lake, N.C.; and Lake Toolik, Ak.) in accordance with an
embodiment of the present invention. The curves on left-hand
side represent Lake Townsend samples taken from different
stations (Station 1 or Station 2) or at different times of the year
(March or June). The median for each distribution partitions
the operational taxonomic units (OTUs) into two groups
shown in black and white; a stippled pattern is used where the
median falls within an OTU.

FIG. 3 shows rank-abundance curves for 18S rDNA librar-
ies from three different lakes (Lake Townsend, N.C.; City
Lake, N.C.; and Lake Toolik, Ak.) in accordance with an
embodiment of the present invention. The curves on left-hand
side represent Lake Townsend samples taken from different
stations (Station 1 or Station 2) or at different times of the year
(March or June). The median for each distribution partitions
the operational taxonomic units (OTUs) into two groups
shown in black and white; a stippled pattern is used for a
median that falls within an OTU.

FIG. 4, Panels A-D, shows rank-abundance profiles for 16S
rDNA libraries in accordance with alternate embodiments of
the present invention, where Panel A is for samples from
Holston River mile 77 (NFHR77), Panel B is for samples
from Holston River mile 80.8 (NFHRS80.8), Panel C is for
samples from the Florida Everglades (FLWCA1), and Panel
D is for samples from the Great Lakes/Detroit River
(GLDRTC). Black bars represent candidate mercury (Hg)
bioindicators. THg=total mercury (ng/g);
MMHg=monomethyl mercury (ng/g); and BDIL=below
detection limit.

FIG. 5, Panels A-D, shows rank-abundance curves for 18S
rDNA libraries in accordance with alternate embodiments of
the present invention, where Panel A is for samples from
Holston River mile 77 (NFHR77), Panel B is for samples
from Holston River mile 80.8 (NFHRS80.8), Panel C is for
samples from the Florida Everglades (FLWCA1), and Panel
D is for samples from the Great Lakes/Detroit River
(GLDRTC). Black bars represent candidate mercury (Hg)
bioindicators; stippled bars represent other shared OTUs.
THg=total mercury (ng/g); MMHg=monomethyl mercury
(ng/g); and BDL=below detection limit.

FIG. 6 shows a phylogenetic tree of 16S rDNA operational
taxonomic units (OTUs) derived by an Unweighted Pair-
Group Method with Arithmetic Mean (UPGMA) analysis
using DNA isolated from three different lakes in accordance
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with an embodiment of the present invention. Numbers in
parentheses designate the size of OTUs (i.e., the number of
unique sequences per OTU). Identifications by BLAST
analysis using the GenBank database are shown. Water
samples from which the rDNA was isolated were as follows:
LT-1J. Lake Townsend, station 1, June; LT-2J: Lake
Townsend, station 2, June; LT-1M: Lake Townsend, station 1,
March; CL: City Lake; TL: Toolik Lake.

FIG. 7 shows a phylogenetic tree of 18S rDNA operational
taxonomic units (OTUs) derived by an Unweighted Pair-
Group Method with Arithmetic Mean (UPGMA) analysis
using DNA isolated from three different lakes in accordance
with an embodiment of the present invention. Numbers in
parentheses designate the size of OTUs (i.e., the number of
unique sequences per OTU). Identifications by BLAST
analysis using the GenBank database are shown. Water
samples from which the rDNA was isolated were as follows:
LT-1J. Lake Townsend, station 1, June; LT-2J: Lake
Townsend, station 2, June; LT-1M: Lake Townsend, station 1,
March; CL: City Lake; TL: Toolik Lake.

FIG. 8 shows Venn diagrams that illustrate the relative
patterns of shared operational taxonomic units (OTUs) for
five separate fresh water samples in accordance with an
embodiment of the present invention. The size of each sample
component is based on the total number of OTUs for that
water sample relative to the other samples. Water samples
from which the rDNA was isolated were as follows: LT-1J:
Lake Townsend, station 1, June; LT-2]J: Lake Townsend, sta-
tion 2, June; LT-1M: Lake Townsend, station 1, March; CL:
City Lake; TL: Toolik Lake.

FIG. 9 shows quantitative PCR (Q-PCR) product accumu-
lation curves generated using operational taxonomic unit
(OTU)-specific primers and genomic DNA isolated from lake
samples in accordance with an embodiment of the present
invention where Panel (A) shows the relative abundance of
the OTU for an unidentified cyanobacterium LD27 initially
detected in Lake Townsend Station 1, March (LT-1M), panel
(B) shows the relative abundance of OTU for Zoogloea
ramigera initially detected in City Lake (CL), and panel (C)
shows the relative abundance of OTU for Asterionella for-
mosa initially detected in Lake Townsend Station 1, March
(LT-1M). Pos: a positive control including a mixture of the
three test DNAs; Neg: a negative control having no DNA;
LT-1J: Lake Townsend, station 1, June; LT-1M: Lake
Townsend, station 1, March; CL: City Lake.

FIG. 10, Panels A and B, shows a method for monitoring
water in accordance with alternate embodiments of the
present invention wherein Panel A shows alternate methods to
measure changes in a bioindicator in a ecosystem sample, and
Panel B shows embodiments of how such data may be ana-
lyzed.

FIG. 11 illustrates the use of pattern analysis for assessing
changes in an ecosystem in accordance with an embodiment
of the present invention.

FIG. 12 illustrates the sequences from prokaryotic rDNA
(Panels A-1 and A-2), eukaryotic rDNA (Panels B-1 and B-2),
prokaryotic variable regions (Panels C-1 and C-2), and
prokaryotic variable regions (Panels D-1 and D-2), in accor-
dance with an embodiment of the present invention.

FIG. 13 shows microarray hybridization resulting from a
multiplex PCR reaction containing about 250 pg of Hgl
plasmid clone DNA and 45 primer pairs plus Hgl primers,
where hybridization proceeded for 20 h at 48° C., and probes
were printed in triplicate in accordance with an embodiment
of the present invention.

FIG. 14 shows a schematic diagram of amplification and
labeling of two DNA samples for array analysis with univer-
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sal primers for 16S rDNA or 18S rDNA (Panel A); and results
of'one hybridization experiment (Panel B), where the eukary-
otic and prokaryotic PCR products are detected on the
microarray, in accordance with an embodiment of the present
invention.

FIG. 15 shows a schematic diagram of hybridization of an
array to two samples, in accordance with an embodiment of
the present invention, where multiplex PCR reactions of each
sample use the same primers, but the product of the amplifi-
cation reaction from the first sample is labeled with CY3 dye
(green) and the product of the amplification reaction from the
second sample is labeled with CY5 dye (red). Panel A shows
a schematic representation of the red (darkest arrowhead) and
green (lighter arrowhead) amplified DNA hybridizing to
immobilized DNA at an individual position on the array;
Panel B shows a schematic representation of the color as
viewed at each array position, wherein the overall color may
comprise an average of the colors of the hybridizing probes;
and Panel C shows an actual results of a hybridization experi-
ment using red and green labeled probes, where the top panel
shows PCR reactions using 16S primers, and the bottom
panel shows the same samples amplified with 18S primers,
and where prokaryotic oligonucleotides are spotted on the left
side of each panel and eukaryotic oligonucleotides are spot-
ted on the right side of each panel; green spots in lower
right-hand position of each grid are for orientation.

FIG. 16 shows an array that contains cyanobacteria
sequences probed with amplification products generated
using cyanobacteria multiplex primers from two water
samples (one sample labeled in green and one sample labeled
in red) that each contained cyanobacteria in accordance with
an embodiment of the present invention, where oligonucle-
otide probes to 18S rDNA are spotted in Grid A and B, probes
to 16S rDNA of Escherichia coli are spotted in Grid C, and
twenty-one 16S rDNA probes containing cyanobacteria
sequences, sequences associated with arsenic-responsive
microbes, and other sequences identified in collected lake
samples, are spotted in Grid D.

FIG. 17 shows hybridization of two samples to an array,
where multiplex PCR reactions for both samples were iden-
tical and reaction products were either labeled with a red dye
(CY5)oragreendye (CY3), allowing comparison of samples
in accordance with an embodiment of the present invention.
Shown are results from a test of two lake samples used to
hybridize first singly (top panels) (left panel: CY3-labeled
sample; right panel: CY5-labeled sample) and then together
(bottom panel) to the same array of 105 oligonucleotide
probes. As shown in the figure, the array is partitioned into
duplicates of eight grids.

DETAILED DESCRIPTION

Ecogenomics is the recovery, characterization, and analy-
sis of genomes recovered from organisms living in the natural
environment. Metagenomics is the recovery, characteriza-
tion, and analysis of all, or at least a plurality, of the genomes
of a community of organisms living in natural or artificial
environments. Embodiments of the present invention utilize
ecogenomics and metagenomics to develop nucleic acid
based compositions, products, methods and systems for
monitoring water supplies and other ecosystems. In certain
embodiments, the nucleic acid based compositions, products,
methods and systems for monitoring water supplies and other
ecosystems comprise bioindicators for a parameter or param-
eters of an ecosystem.

Thus, embodiments of the present invention provide com-
positions, products, methods, and systems to monitor ecosys-
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tems. In at least some embodiments, the compositions, prod-
ucts, methods, and systems of the present invention comprise
a bioindicator for one or more parameters of the ecosystem.
For example, in certain embodiments, the bioindicator is
informative about either the presence or absence of mercury,
or the levels of mercury in the ecosystem. Or the bioindicator
may be informative about the presence and/or absence or
levels of any other physical (e.g. temperature, pressure),
chemical (e.g. alkalinity, pH, element or compound), or bio-
logical component (e.g. viruses, bacteria, alga, protozoan,
fungus, or other flora or fauna) or characteristic of the eco-
system.

The compositions, products, methods, and systems of the
present invention may be used to monitor aqueous (i.e.,
aquatic) ecosystems such as a natural or anthropogenic body
of water. Or, other aqueous, terrestrial and/or atmospheric
ecosystems may be monitored. Thus, a variety of ecosystems
may be monitored using the compositions, methods, products
and systems of the present invention. In one embodiment, the
ecosystem may comprise an aquatic ecosystem, such as a
body of water. For example, the ecosystem may be a lake.
Additionally or alternatively, the ecosystem may be an estu-
ary, a tidal pool, a wetland, a stream, a river, ground-water,
runoff water, flood water, standing water, wells, water distri-
bution systems, and/or marine system. Or, the sample may be
isolated from other ecosystems, e.g., terrestrial or atmo-
spheric. Such aqueous, terrestrial and/or atmospheric ecosys-
tems may comprise a variety of components, such as, but not
limited to, soil, air, air venting systems and the atmosphere.

Where the ecosystem of interest comprises water, the
parameter comprising at least part of the ecosystem may
relate to the quality of the water. Thus, the parameter may
relate to a quality that is important to evaluate if the water is
suitable for drinking, cooking, bathing, agriculture, or other
uses of water.

The bioindicator may comprise a biological system, such
as a microorganism, or a molecule, such as a nucleic acid
sequence, that changes in response to a parameter that is
related to the ecosystem of interest. The bioindicators may
comprise known microorganisms or unknown microorgan-
isms. Rather than measuring the microorganism itself,
embodiments of the present invention provide molecular bio-
indicators to monitor ecosystems of interest.

A bioindicator for the analysis of an ecosystem of interest
may comprise an isolated nucleic acid having a sequence
derived from a single operational taxonomic unit (OTU). In
certain embodiments, the OTU is a microbial OTU. In certain
embodiments, the OTU is associated with a known microbe.
Or, the OTU may be associated with an unknown microbe(s).
In other embodiments, the OTU is specific to other species
(e.g., flora or fauna) that may be present in an ecosystem.

For each of the compositions, products, methods and sys-
tems of the present invention, at least some of the operational
taxonomic units may utilize variable ribosomal DNA (rDNA)
sequences as a means to detect specific organisms. For
example, in certain embodiments, the OTU-specific oligo-
nucleotides (e.g., primers and/or probes) may comprise
eukaryotic ribosomal DNA sequences, and/or prokaryotic
ribosomal DNA sequences. Additionally or alternatively,
OTU-specific oligonucleotides may comprise pathogen-spe-
cific sequences. Additionally, or alternatively, the OTU-spe-
cific oligonucleotides may comprise novel sequences from as
yet unidentified microbes.

In certain embodiments, the present invention may com-
prise an isolated oligonucleotide for use in monitoring an
ecosystem, wherein the oligonucleotide is specific to a single
operational taxonomic unit (OTU) in at least one ecosystem,
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and wherein the oligonucleotide is a bioindicator for one or
more parameters of the ecosystem. In one embodiment, the
ecosystem is an aquatic ecosystem. In other embodiments,
terrestrial or atmospheric ecosystems may be monitored. For
example, in certain embodiments, the present invention may
comprise an isolated oligonucleotide for use in monitoring an
aquatic ecosystem, wherein the oligonucleotide is specific to
a single operational taxonomic unit (OTU) in at least one
aquatic ecosystem, and wherein the oligonucleotide is a bio-
indicator for one or more parameters of the aquatic ecosys-
tem. In certain embodiments, the parameter is the level of
mercury. For example, where the ecosystem parameter is
mercury, the isolated oligonucleotide may comprise the
sequence as set forth in SEQ ID NO: 329-SEQ ID NO:340 or
SEQ ID NO: 351-SEQ ID NO: 370, or the sequence as set
forth in SEQ ID NO: 341-SEQ ID NO: 350 or SEQ ID NO:
371-SEQ ID NO: 388, or fragments of these sequences. Or,
other oligonucleotides, identical to any one of SEQ ID NO:
5-SEQ ID NO: 113, or the reverse complement of SEQ ID
NO: 5-SEQ ID NO: 113, and/or SEQ ID NO: 114-SEQ ID
NO: 316, or a fragments of these sequences, may be used for
detection of other parameters. Or a plurality (e.g., 2,3,4, 5, 6,
10, 15, 20, 25, 30, 35, 40, 50, 75, 100, or more than 100) of
such oligonucleotides may be used.

In certain embodiments, the present invention comprises a
composition comprising an isolated oligonucleotide, wherein
the nucleic acid sequence of the isolated oligonucleotide is
specific to a single operational taxonomic unit in an ecosys-
tem, and wherein the oligonucleotide comprises a bioindica-
tor for one or more parameters in an ecosystem. In an embodi-
ment, the ecosystem is an aquatic ecosystem. Or, other
ecosystems such as terrestrial or atmospheric ecosystems
may be monitored. Thus, in certain embodiments, the present
invention comprises a composition comprising an isolated
oligonucleotide, wherein the nucleic acid sequence of the
isolated oligonucleotide is specific to a single operational
taxonomic unit in an aquatic ecosystem, and wherein the
oligonucleotide comprises a bioindicator for one or more
parameters in the aquatic ecosystem. In some embodiments,
the parameter is the presence or absence, or the levels of
mercury in the ecosystem. Or, the oligonucleotide may be a
bioindicator for other parameters of the ecosystem. Where the
parameter of interest is mercury, the isolated oligonucleotide
may comprise the sequence as set forth in SEQ ID NO:
329-SEQ ID NO: 340 or SEQ ID NO: 351-SEQ ID NO: 370,
or the sequence as set forth in SEQ ID NO: 341-SEQ ID NO:
350, or SEQ ID NO: 371-SEQ ID NO: 388, or fragments of
these sequences. Or, other oligonucleotides, identical to any
one of SEQ ID NO: 5-SEQ ID NO: 113, or the reverse
complement of SEQ ID NO: 5-SEQ ID NO: 113, or SEQ ID
NO: 114-SEQID NO: 316, or a fragments of these sequences
may be used for detection of other parameters.

In certain embodiments, the compositions of the present
invention may comprise a plurality of oligonucleotides that
are each individually specific to a single operational taxo-
nomic unit. For example, in alternate embodiments, the com-
positions of the present invention may comprise 2, 3, 4, 5, 6,
10, 16, 20, 25, 30, 36, 40, 50, 75, 100, or more than 100 of
each of these oligonucleotides. Thus, in certain embodiments,
the composition may comprise two distinct oligonucleotides,
the two distinct oligonucleotides each comprising at least one
of'the sequences as set forth in SEQ ID NO: 341-SEQ ID NO:
350 or SEQ ID NO: 371-SEQ ID NO: 388. Additionally or
alternatively, the composition may comprise two distinct oli-
gonucleotides, the two distinct oligonucleotides each com-
prising at least one of the sequences as set forth in SEQ ID
NO: 114-SEQ ID NO: 316. In some embodiments, the two
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oligonucleotides are derived from a single genomic target
sequence such that the two oligonucleotides can be used as
primers in a polymerase chain reaction to amplify DNA from
the genomic target sequence. For example, in certain embodi-
ments, the composition may comprise at least 2, 4, 6, 10, 20,
30, 40, 50, 80, or 100, distinct oligonucleotides each com-
prising one of the sequences as set forth in SEQ ID NO:
341-SEQ ID NO: 350 or SEQ ID NO: 371-SEQ ID NO: 388,
or SEQIDNO: 11410 SEQID NO: 316, or fragments of these
sequences, wherein the oligonucleotides can be used as prim-
ers in a polymerase chain reaction to amplify DNA from a
plurality of genomic target sequences. Such primer mixes
may be used, for example, for multiplex PCR of DNA
samples from ecosystems of interest.

In certain embodiments, the present invention comprises a
product for monitoring an ecosystem, the product comprising
an isolated oligonucleotide, wherein the nucleic acid
sequence of the isolated oligonucleotide is specific to a single
operational taxonomic unit (OTU) in an ecosystem, and
wherein the oligonucleotide comprises a bioindicator for one
or more parameters in an ecosystem. In an embodiment, the
ecosystem is an aquatic ecosystem. Or, other ecosystems such
as terrestrial or atmospheric ecosystems may be monitored.
For example, in certain embodiments, the present invention
comprises a product for monitoring an ecosystem, the product
comprising an isolated oligonucleotide, wherein the nucleic
acid sequence of the isolated oligonucleotide is specific to a
single operational taxonomic unit (OTU) in an aquatic eco-
system, and wherein the oligonucleotide comprises a bioin-
dicator for one or more parameters in an aquatic ecosystem.
In an embodiment, the OTU is a microbial OTU. Or, OTUs
from other sources (e.g., flora or fauna) may be used.

The product may comprise a single oligonucleotide that is
specific to an OTU (an OTU-specific oligonucleotide) or may
include multiple distinct OTU-specific oligonucleotides. As
used herein, a distinct oligonucleotide is a oligonucleotide
that has a different sequence than another oligonucleotide.
Where the product comprises multiple OTU-specific oligo-
nucleotides, the product may comprise individual locations
for each of the OTU-specific oligonucleotides. For example,
the product may comprise a plurality of individual locations,
the plurality of locations each comprising a distinct oligo-
nucleotide having a nucleic acid sequence that is derived from
a single operational taxonomic unit in the ecosystem. In an
embodiment, there is a plurality (i.e., more than one) of iden-
tical oligonucleotides at each location. Thus, the product may
comprise a plurality of oligonucleotides each having the same
sequence all located at a single location, but the different
locations have oligonucleotides that have different
sequences. For example, as discussed in more detail herein,
such a product may comprise chip with a plurality of dried
primer pairs or probes spotted as an array (e.g., nanoarray), a
multiwell plate, or a collection of primer sets in individual
tubes.

In at least some embodiments, at least one of the oligo-
nucleotides of the product is a bioindicator for at least one
parameter associated with the ecosystem. In certain embodi-
ments, the bioindicator is informative about either the pres-
ence or absence of mercury, or the levels of mercury in the
ecosystem. For example, in certain embodiments, the prod-
ucts of the present invention may comprise an isolated oligo-
nucleotide having the sequence as set forth in SEQ 1D NO:
329-SEQ ID NO: 340 or SEQ ID NO: 351-SEQ ID NO: 370,
or the sequence as set forth in SEQ ID NO: 341-SEQ ID NO:
350 or SEQ ID NO: 371-SEQ ID NO: 388, or fragments of
these sequences, where the oligonucleotide is a bioindicator
for the presence or absence of mercury, or the levels of mer-
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cury in the ecosystem. Or the bioindicator may be specific for
the presence and/or absence or levels of any other physical
(e.g. temperature, pressure), chemical (e.g. alkalinity, pH,
element or compound), or biological component (e.g. a virus,
a bacterium, an algae, a protozoan, a fungus, or another flora
or fauna) or characteristic of the ecosystem. Thus, the product
may comprise other oligonucleotides, identical to any one of
SEQ ID NO: 5-SEQ ID NO: 113, or the reverse complement
of SEQIDNO: 5-SEQIDNO: 113, or SEQIDNO: 114-SEQ
ID NO: 316, or a fragments of these sequences for detection
of other ecosystem parameters. Or a plurality (e.g., 2, 3,4, 5,
6, 10, 15, 20, 25, 30, 35, 40, 50, 75, 100, or more than 100) of
such oligonucleotides may be used.

The bioindicators of the present invention may be used to
monitor water. Or, other aqueous, terrestrial or atmospheric
ecosystems as described herein may be monitored.

In certain embodiments, the product may comprise the use
of PCR amplification to detect nucleic acid sequences that are
specific to a bioindicator OTU. For example, in certain
embodiments, at least one the locations of the product com-
prises an oligonucleotide having the sequence as set forth in
SEQ ID NO: 114-SEQ ID NO: 316, SEQ ID NO: 341-SEQ
ID NO:350 or SEQ ID NO: 371-SEQ ID NO: 388. Or, frag-
ments of these sequences may be used. In some embodi-
ments, at least one of the locations comprises two oligonucle-
otides, the two oligonucleotides each comprising one of the
sequences as set forth in SEQ ID NO: 114-SEQ ID NO: 316,
SEQID NO: 341-SEQ IDNO: 350 or SEQ ID NO: 371-SEQ
ID NO: 388, and wherein the two oligonucleotides at each
location are derived from a single genomic target sequence
such that the two oligonucleotides can be used as primers in a
polymerase chain reaction to amplify DNA from the genomic
target sequence. Or, the product may have a plurality of loca-
tions each comprising two oligonucleotides, the two oligo-
nucleotides each comprising one of the sequences as set forth
in SEQ ID NO: 114-SEQ ID NO: 316, SEQ ID NO: 341-SEQ
IDNO: 350 or SEQ ID NO: 371-SEQ ID NO: 388. In certain
embodiments, the primers are derived from variable regions
of ribosomal DNA (rDNA).

In certain embodiments, the product is used to detect
nucleic acid sequences that are specific to a bioindicator OTU
by real-time PCR and/or quantitative PCR. For example, in
certain embodiments, the product may comprise a plurality of
primer sets at individual locations (e.g., assay wells or prim-
ers applied to a location on a substrate), where a primer set is
two primers that can amplify a single genomic sequence. A
sample from an ecosystem as well as PCR reagents and a
Thermus aquaticus (Taq) polymerase enzyme may then be
added at the location and the mixture subjected to thermal
conditions such that PCR amplification can occur. In an
embodiment, the production of a PCR product may be moni-
tored using a dye (e.g., MOLECULAR PROBES SYBR®
Green dye) that can intercalate in the double-stranded PCR
product thereby indicating whether amplification has
occurred, and in some embodiments, providing a level of
amplification. As a PCR product labeled in this fashion will
accumulate as the reaction proceeds, a growth curve can be
generated in real time indicating the fluorescence signal that
is produced by the PCR product.

In other embodiments, the product may comprise indi-
vidual locations, wherein each location comprises a distinct
OTU-specific oligonucleotide probe, and wherein the OTU-
specific oligonucleotide probes comprise bioindicator
sequences in at least one ecosystem. For example, in certain
embodiments, the product may have at least one location that
comprises an oligonucleotide comprising the sequence as set
forth in SEQ ID NO: 329-SEQ ID NO: 340 or SEQ ID NO:
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351- to SEQ ID NO: 370, or a fragment thereof, for the
detection of mercury in an ecosystem. Or, the bioindicator
may comprise a sequence identical to any one of SEQ ID NO:
5-SEQ ID NO: 113, or the complement of SEQ ID NO:
5-SEQIDNO: 113, or a fragment thereof, for the detection of
other ecosystem parameters.

In alternate embodiments, the product comprises a plural-
ity of OTU-specific oligonucleotides. The plurality of OTU-
specific oligonucleotides may comprise at least 2, or 3, or 4,
or 5, or 6, or 10, or 16, or 20, or 24, or 30, or 40, or 50, or 75,
or 100 distinct nucleic acid sequences included as part of the
product.

The product or the present invention may comprise immo-
bilization of the OTU-specific oligonucleotides at each of the
locations. Immobilization of the OTU-specific oligonucle-
otides may utilize a variety of methods. For example, in
certain embodiments, immobilization comprises formation
of'a chemical bond between the oligonucleotide at each loca-
tion and a substrate comprising at least part of the location.
Such chemical bonds may be formed by the use of chemical
reagents or UV-induced cross-linking of the DNA to a sub-
strate. Alternatively and/or additionally, immobilization may
comprise evaporation of a plurality of solutions at each of the
locations, wherein each of the solutions comprises the oligo-
nucleotide to be immobilized at each of the locations. Or
other methods known in the art may be used.

Thus, embodiments of the present invention may comprise
arrays of oligonucleotides for monitoring an ecosystem of
interest. For example, one embodiment of the present inven-
tion comprises a device comprising an array having a plural-
ity of oligonucleotides located at known locations on a sub-
strate, such that each location on the array comprises an
oligonucleotide having a sequence that is derived from a
single, predetermined microbial operational taxonomic unit
(OTU). In at least some embodiments, at least one sequence
on the array is a bioindicator for at least one specific param-
eter associated with the ecosystem. For example, in certain
embodiments, the bioindicator is informative about either the
presence or absence of mercury, or the levels of mercury in
the ecosystem. Or, the bioindicator may be specific for other
parameters. For example, in an embodiment the present
invention comprises a device for monitoring water quality
comprising an array, wherein the array comprises a plurality
of oligonucleotides immobilized at known locations on a
substrate, and wherein each location on the array comprises
an oligonucleotide having a sequence that is derived from a
single, predetermined microbial operational taxonomic unit
(OTU), and wherein at least one sequence is associated with
the presence or absence of mercury, and/or mercury levels in
the ecosystem.

In other embodiments, the present invention comprises
methods to identify a bioindicator. In this embodiment, the
present invention may comprise a method to identify
microbes that are able to modify, or adjust to, a particular
ecosystem. In an embodiment, the ecosystem is an aquatic
ecosystem. Or, other ecosystems such as terrestrial or atmo-
spheric ecosystems may be monitored. In some embodi-
ments, the ecosystem of interest comprises an ecosystem
being monitored for the presence or absence of mercury.

The method to identify a bioindicator may comprise the
steps of: (a) isolating a plurality of distinct DNA molecules
from an ecosystem; (b) determining the sequence of at least
some of the plurality of DNA molecules; (c¢) grouping the
DNA sequences into operational taxonomic units; and (d)
identifying at least one nucleic acid sequence that is specific
to a single operational taxonomic unit in the ecosystem. The
method may further comprise correlating detection of the
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nucleic acid sequence specific to the single operational taxo-
nomic unit (OTU) to a parameter of the ecosystem, such that
the nucleic acid sequence specific to the single operational
taxonomic unit comprises a bioindicator of the parameter in
the ecosystem. In an embodiment, the ecosystem is an aquatic
ecosystem. Or, other ecosystems such as terrestrial or atmo-
spheric ecosystems may be monitored. Thus, in certain
embodiments, the method to identify a bioindicator may com-
prise the steps of: (a) isolating a plurality of distinct DNA
molecules from an aquatic ecosystem; (b) determining the
sequence of at least some of the plurality of DNA molecules;
(c) grouping the DNA sequences into operational taxonomic
units; and (d) identitying at least one nucleic acid sequence
that is specific to a single operational taxonomic unit in the
aquatic ecosystem. The method may further comprise corre-
lating detection of the nucleic acid sequence specific to the
single operational taxonomic unit (OTU) to a parameter of the
aquatic ecosystem, such that the nucleic acid sequence spe-
cific to the single operational taxonomic unit comprises a
bioindicator of the parameter in the aquatic ecosystem. In an
embodiment, the OTU may comprise a microbial OTU. Or
OTUs from other organisms (e.g., flora or fauna) may be used.

Thus, in one embodiment, the present invention may com-
prise a method for preparing a bioindicator for the analysis of
an ecosystem comprising the steps of: preparing a nucleic
acid sample comprising a plurality of DNA molecules from
an ecosystem; determining the sequence of at least some of
the plurality of DNA molecules in the isolated DNA sample;
grouping the DNA sequences into operational taxonomic
units (OTUs); and associating at least one OTU with an eco-
system parameter of interest. In an embodiment, each asso-
ciated OTU can be distinguished by the presence of a least one
bioindicator DNA sequence that is specific for the single
OTU.

In another embodiment, the method may comprise the
steps of: (a) identifying a bioindicator that is associated with
a particular microbe; (b) identifying the bioindicator in at
least one ecosystem; and (c) correlating the presence of the
microbe with a parameter specific to the ecosystem. The
method may further comprise identifying the nature of the
ability of the microbe to modity, or adjust to, the ecosystem.
For example, the identification of a microbe whose presence
shows an association with a particular toxin may indicate that
the microbe has the ability to modify the toxin and/or modify
the effect of the toxin on the environment.

In certain embodiments, the ecosystem parameter may be
the presence or absence, or levels of mercury in an ecosystem
or the levels of mercury in an ecosystem. Or, the bioindicator
may provide information about other ecosystem parameters
as described herein.

DNA from a variety of ecosystems may be used to develop
bioindicators. In one embodiment, the ecosystem may com-
prise an aquatic (or aqueous) ecosystem, such as a body of
water. For example, the ecosystem may be a lake or sea.
Additionally or alternatively, the ecosystem may be an estu-
ary, a tidal pool, a wetland, a stream, a river, ground-water,
runoff water, flood water, standing water, and/or salt water
may be used. Additionally or alternatively, the bioindicator
may be isolated from a terrestrial and/or atmospheric ecosys-
tem such as those described herein.

The method may utilize bioindicators that are shared
among ecosystems, and/or bioindicators that are specific to
one, or a few, ecosystems. Thus, a plurality of bioindicators
may be developed. The bioindicators may be used as a means
to analyze a variety of ecosystems of interest. In one embodi-

20

25

30

35

40

45

50

55

60

65

14

ment, the method may comprise the step of identifying the
distribution of at least one of the OTUs in at least two eco-
systems of interest.

Once the DNA molecules have been categorized and
grouped by OTU, the sequences of the DNA molecules in
each of the OTUs may be used to develop the collection of
bioindicators as an assay system. Thus, the method may com-
prise preparing a collection of bioindicators wherein at least
one of the OTUs comprises sequences that are unshared
between at least two of the ecosystems of interest. Addition-
ally and alternatively, the method may comprise preparing a
collection of bicindicators wherein at least one of the OTUs
comprises sequences that are shared between at least two of
the ecosystems of interest.

The method may also include a step of applying a plurality
of'oligonucleotide bioindicators at known locations on a sub-
strate to form an array, wherein each oligonucleotide has a
sequence that is derived from a single, predetermined micro-
bial operational taxonomic unit (OTU). In some embodi-
ments, the oligonucleotides may be immobilized at these
locations as discussed herein.

In certain embodiments, the array may comprise a plurality
of oligonucleotides that can be used as probes to detect new
bioindicators (e.g., new OTUs or new members of an OTU) in
a sample from an ecosystem. In certain embodiments, the
oligonucleotides are themselves bioindicators as a result of
their ability to detect ecosystem bioindicator nucleic acid
sequences.

In certain embodiments of the compositions, products,
methods and systems of the present invention, where the
OTU-specific oligonucleotides are used as probes to detect a
DNA sequence from a sample by hybridization, the oligo-
nucleotides should be of sufficient length to provide specific
hybridization to nucleic acid molecules isolated from various
ecosystem samples that are used to probe the array. The
oligonucleotide probes may be at least 20 nucleotides in
length. In alternate embodiments, oligonucleotide probes
may range from about 30 to 200, or from 40 to 100, or from 45
to 80 nucleotides in length. Or ranges within these ranges may
be used. In one example embodiment, the oligonucleotide
probes are each about 50 nucleotides in length. Specific
hybridization does not require a perfect match between the
oligonucleotide and the ecosystem sample. As used herein,
specific hybridization comprises hybridization such that a
nucleic acid molecule isolated from the ecosystem of interest
hybridizes to a single location (i.e., a single oligonucleotide
sequence) on the array. In one embodiment, specific hybrid-
ization requires that the mismatch between two nucleic acid
molecules is about 2.5% or less under high stringency hybrid-
ization conditions, which as described in more detail herein
defines the specificity used to define an OTU. This may allow
for a mismatch at one or more base pairs for a 50-mer probe.

Also, for detection of bioindicators by hybridization, the
amount of the oligonucleotide should be sufficient to allow
detection of complementary nucleic acid sequences by
hybridization, but in an amount such that background hybrid-
ization to unrelated sequences is avoided. For example, where
the oligonucleotides are immobilized at a plurality of loca-
tions as an array, the oligonucleotides immobilized on the
array may range from about 1 femptogram (fg) to about 10
micrograms ([Lg), or from about 50 {g to about 10 nanograms
(ng), or from about 0.5 picograms (pg) to 1,000 pg, or from
about 2 pgto 200 pg, or from about 8 pgto about 50 pg, at each
location.

Alternatively or additionally, the OTU-specific oligonucle-
otides may comprise primers for amplification of OTU-spe-



US 8,048,623 B1

15

cific sequences that function as bioindicators. The primers
may be used in a variety of ways.

Also, in certain embodiments of the compositions, prod-
ucts, methods and systems of the present invention, the prim-
ers are used in conjunction with probe OTUs such that DNA
from an ecosystem sample may be amplified e.g., using PCR,
and then the presence or absence of specific bioindicator
DNA is detected by hybridization of the PCR products to
OTU-specific probes. For example, the PCR product(s) com-
prising potential bioindicators may be used to probe an array
comprising a plurality of oligonucleotides immobilized at
known locations on a substrate, and wherein each location on
the array comprises an oligonucleotide having a sequence
that is derived from a single, predetermined microbial opera-
tional taxonomic unit (OTU). The samples that have DNA
that hybridizes to certain of the OTU-specific probes on the
array may comprise bioindicators that are the same, or that are
different members of the OTU that includes the OTU-specific
probes on the array. For example, if DNA isolated from the
sample hybridizes to a variety of non-shared OTUs, the
sample may comprise a new bioindicator(s) that can recog-
nize several of the OTU-specific probes. Or, the sample may
comprise bioindicators that are derived from the OTU-spe-
cific probes, but that are new members of the OTU.

Thus, in certain embodiments, a plurality of DNA mol-
ecules that may be generated from an ecosystem may tested to
determine if the molecules are members of a previously char-
acterized OTU, or have a new sequence that is not included in
a previously characterized OTU. In this way, new OTU-spe-
cific probes may be derived.

Alternatively or additionally in certain embodiments of the
compositions, products, methods and systems of the present
invention, primer sets may provide for using a plurality of
PCR amplification reactions as a means to characterize an
ecosystem. For example, in certain embodiments, a plurality
of primer sets are provided (e.g., assay wells or primers
applied to a location on a substrate), where a primer set is two
primers that can amplify a single genomic sequence. A
sample from an ecosystem as well as PCR reagents and poly-
merase enzyme may then be added at the location and the
mixture subjected to thermal conditions such that PCR ampli-
fication can occur. In an embodiment, the production of a
PCR product may be monitored using a dye (e.g., SYBR®
Green dye) that can intercalate in the double-stranded PCR
product thereby indicating whether amplification has
occurred, and in some embodiments, providing the level of
PCR amplification.

In certain embodiments of the compositions, products,
methods and systems of the present invention, the operational
taxonomic units may utilize variable ribosomal DNA (rDNA)
sequences as a means to detect specific organisms. Thus, the
OTU-specific oligonucleotides (primers and/or probes) may
comprise eukaryotic ribosomal DNA sequences, and/or
prokaryotic ribosomal DNA sequences. Additionally, or
alternatively, the OTU-specific oligonucleotides may com-
prise pathogen-specific sequences. Additionally, or alterna-
tively, the OTU-specific oligonucleotides may comprise
novel sequences from as yet unidentified microbes.

Once a collection of OTU-specific oligonucleotides has
been generated, DNA isolated from an ecosystem sample of
interest may be used to probe a product comprising a plurality
of primers and/or probes comprising nucleic acid sequences
that are specific to organisms of interest. In one embodiment,
detection of bioindicator sequences in the sample may be
evaluated to determine how the presence and/or absence of
the bioindicator may correlate with a parameter of the eco-
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system. In one embodiment, the parameter may comprise the
presence or absence of mercury.

In other embodiments, the present invention may comprise
a method for using a first bioindicator from a particular
microbe as an “entry point” for isolating other bioindicators
from the microbe. Thus, in one embodiment, a bioindicator
isolated from a portion of the genome of a microbe is used to
identify a second bioindicator nucleic acid sequence from the
same microbe. For example, the sequence of a first bioindi-
cator nucleic acid molecule may be used to identify and
isolate contiguous DNA sequence from the microbe that can
serve as a bioindicator.

The present invention also comprises methods to monitor
ecosystem’s. In some embodiments, the method comprises
using a sequence that is a bioindicator for a specific parameter
associated with the ecosystem. In an embodiment, the eco-
system is an aquatic ecosystem. Or, other ecosystems such as
terrestrial or atmospheric ecosystems may be monitored.
Thus, in certain embodiments, the present invention com-
prises a method to monitor a parameter of an ecosystem
comprising the steps of: (a) obtaining a sample from an aque-
ous (or other) ecosystem; (b) using an oligonucleotide spe-
cific to a single operational taxonomic unit to determine
whether nucleic acid sequences specific to the operational
taxonomic unit are present in the sample; and (c) correlating
detection of the nucleic acid sequence specific to the opera-
tional taxonomic unit to a parameter of the ecosystem.

The method may comprise generating a plurality of oligo-
nucleotides each specific to a single operational taxonomic
unit for use as biomarkers of an ecosystem parameter of
interest. For example, the method may comprise generating a
plurality of oligonucleotides each specific to a single opera-
tional taxonomic unit in at least one ecosystem and determin-
ing whether nucleic acid sequences specific to the operational
taxonomic unit are present in the sample. Additionally or
alternatively, the method may comprise identifying the oli-
gonucleotide specific to a single operational taxonomic unit
in a first ecosystem and using the oligonucleotide to deter-
mine whether nucleic acid sequences specific to the opera-
tional taxonomic unit are present in a second ecosystem.

The method may employ amplification of bioindicator
DNA as a means to detect the presence or absence of certain
bioindicators in an ecosystem. For example, in certain
embodiments, the method may comprise using two oligo-
nucleotides each specific to the single operational taxonomic
unit as primers in a polymerase chain reaction to amplify
DNA from a single genomic target sequence. The method
may comprise performing a plurality of PCR amplification
reactions as a means to detect a plurality of bioindicator
sequences. Thus, in some embodiments, the method may
comprise using a plurality of paired oligonucleotides, each
pair of oligonucleotides being specific to a single operational
taxonomic unit, as primers in a plurality of separate poly-
merase chain reactions to amplify DNA from a plurality of
genomic target sequences.

Where the ecosystem parameter is mercury, oligonucle-
otide primers that are specific to the single operational taxo-
nomic unit in the first ecosystem may comprise at least one
oligonucleotide comprising the sequence as set forth in SEQ
ID NO: 341-SEQ ID NO: 350 or SEQ ID NO: 371-SEQ ID
NO: 388. In certain embodiments, these sequences may be
used as primers for PCR amplification of intervening
sequences that are bioindicators for mercury. Additionally or
alternatively, the oligonucleotide specific to the single opera-
tional taxonomic unit may comprise at least one oligonucle-
otide comprising the sequence as set forth in SEQ ID NO:
329-SEQ ID NO: 340 or SEQ ID NO: 351-SEQ ID NO: 370.
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In certain embodiments, these sequences may be used as
probes for PCR amplification products that comprise inter-
vening sequences that are bioindicators for mercury.

Or, other ecosystem parameters may be monitored. Thus,
in alternate embodiments, the oligonucleotide primers that
are specific to the single operational taxonomic unit in the first
ecosystem may comprise at least one oligonucleotide com-
prising the sequence as set forth in SEQ ID NOS: 114-316. In
certain embodiments, these sequences may be used as prim-
ers for PCR amplification of intervening sequences that are
bioindicators. Additionally or alternatively, the oligonucle-
otide specific to the single operational taxonomic unit may
comprise at least one oligonucleotide comprising the
sequence as set forth in SEQID NO: 5to SEQ ID NO: 113, or
the reverse complement of SEQIDNO: 5 to SEQID NO: 113.
In certain embodiments, these sequences may be used as
probes for PCR amplification products that comprise inter-
vening sequences that are bioindicators.

In alternate embodiments, the method of monitoring an
ecosystem comprises using a plurality of OTU-specific oli-
gonucleotides. The plurality of OTU-specific oligonucle-
otides may comprise at least 2, or 3, or 4, or 5, or 6, or 10, or
16, or 20, or 26, or 30, or 40, or 50, or 75, or 100 distinct
nucleic acid sequences. The oligonucleotides may be immo-
bilized (e.g., as probes on an array) or may be combined as a
single composition (e.g., primers for multiplex PCR).

Thus, the method may, in certain embodiments, comprise
using an array of individual locations, each location compris-
ing an oligonucleotide specific to a single operational taxo-
nomic unit. In one embodiment, the method may comprise
the steps of: generating an array comprising a plurality of
oligonucleotides located (and in some cases immobilized) at
known locations on a substrate, wherein each location on the
array comprises an oligonucleotide having a sequence
derived from a single, predetermined microbial operational
taxonomic unit (OTU) and wherein at least one sequence is
associated with at least one parameter of the ecosystem; pre-
paring an ecosystem nucleic acid sample from the ecosystem
of interest; hybridizing the ecosystem nucleic acid sample to
the array; measuring hybridization of the ecosystem nucleic
acid sample to the array; and correlating hybridization of the
ecosystem nucleic acid sample to the array with a parameter
that comprises at least part of the ecosystem.

In one approach, the oligonucleotides are each selected to
comprise different taxonomic units. The oligonucleotides
may be selected such that at least some are from a microbial
operational taxonomic unit (OTU). Or, OTUs from other
types of organisms (e.g., flora or fauna) may be used.

In certain embodiments, the OTU-specific oligonucle-
otides of the array are used as probes to detect whether the
bioindicator is present or absent in a sample. In this embodi-
ment, the oligonucleotides immobilized on the array should
be of sufficient length to provide specific hybridization to
nucleic acid molecules isolated from various ecosystem
samples that are used to probe the array. The immobilized
oligonucleotides may be at least 20 nucleotides in length. In
alternate embodiments, the immobilized oligonucleotides
may range from about 30to 200, or from 40 to 100, or from 45
to 80, nucleotides in length. Or, ranges within these ranges
may be used. In one example embodiment, the immobilized
oligonucleotides are each about 50 nucleotides in length.

Also, the amount of the oligonucleotide immobilized on
the array should be sufficient to allow detection of comple-
mentary nucleic acid sequences by the array, but in an amount
such that background hybridization to unrelated sequences is
avoided. In alternate embodiments of the methods of the
present invention, the oligonucleotides immobilized on the
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array range from about 1 fg to about 10 pg, or from about 50
fg to about 10 ng, or from about 0.5 pg to 1,000 pg, or from
about 2 pgto 200 pg, or from about 8 pgto about 50 pg, at each
location.

The oligonucleotides used in the compositions, products,
methods and systems of the present invention may be derived
from sequences found by analysis of microbes present in
various ecosystems of interest. In one embodiment, oligo-
nucleotides having sequences specific to organisms found in
lakes or seas may be used. Additionally or alternatively, oli-
gonucleotides having sequences specific to organisms found
in estuaries may be used. Additionally or alternatively, oligo-
nucleotides having sequences specific to organisms found in
other types of aquatic systems, such as tidal pools, wetlands,
streams, rivers and marine systems may be used. Or, probes
from a terrestrial and/or atmospheric ecosystem, such as
those described herein, may be used to monitor an ecosystem
by the methods of the present invention. As noted herein, the
probes and/or primers used as OTU-specific oligonucleotides
may be derived from a different ecosystem (e.g., a first eco-
system) than the ecosystem being monitored (e.g., a second
ecosystem).

The array may be hybridized with a nucleic acid sample
comprising at least one bioindicator that is isolated from the
sample of interest. In at least some embodiments, at least one
of the bioindicators is a bioindicator for a specific parameter
associated with the ecosystem. For example, in certain
embodiments, the bioindicator is informative about either the
presence or absence of mercury, or the levels of mercury in
the ecosystem. Or, the bioindicator may be specific for other
ecosystem parameters.

For example, PCR may be used to amplify rDNA
sequences from genomic DNA from a water sample of inter-
est, and the amplified DNA can be used to probe an array of
OTU-specific probes that comprise bioindicator sequences.
Alternatively or additionally, PCR may be used to amplify
known pathogen-specific sequences from a water sample of
interest, and used to probe an array of OTU-specific probes
that comprise bioindicator sequences. Alternatively and addi-
tionally, PCR may be used to amplify unidentified (i.e., novel)
sequences specific to a water sample of interest, and the
amplified DNA can be used to probe an array of OTU-specific
probes that comprise bioindicator sequences. Alternatively or
additionally, PCR may be used to amplity known non-patho-
gen specific sequences associated with a water sample of
interest, and the amplified DNA can be used to probe an array
of OTU-specific probes that comprise bioindicator
sequences. Or, non-amplified genomic DNA may be used to
probe the array.

The bioindicator isolated from the ecosystem of interest
may comprise nucleic acid sequences isolated from rDNA. In
one embodiment, the nucleic acid sample hybridized to an
array of OTU-specific probe sequences sequence comprises a
plurality of rDNA sequences. For example, the nucleic acid
sequence hybridized to the array may be generated using PCR
primers derived at least in part from a ribosomal variable
region so as to specifically amplify rDNA sequences. For
example, the primers may comprise at least one oligonucle-
otide molecule having a sequence identical to any one of SEQ
ID NO: 114-SEQ ID NO: 316, and/or SEQ ID NO: 341-SEQ
ID NO: 350 and/or SEQ ID NO: 371-SEQ ID NO: 388, ora
fragment thereof. In separate and alternate embodiments, the
primers used for amplification of DNA from a sample of
interest may comprise at least 2, 4, 6, 8, 10, 20, 40 or 50
oligonucleotide molecules having a sequence identical to any
one of SEQ ID NO: 114-SEQ ID NO: 316, and/or SEQ ID
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NO: 341-SEQ ID NO: 350 and/or SEQ ID NO: 371-SEQ ID
NO: 388, or a fragment thereof.

In another embodiment, the method may comprise use of
an array comprising PCR primers (rather than probes) at each
of the locations. For example, in certain embodiments, the
array may comprise a plurality of primer sets at individual
locations, where a primer set is two primers that can amplify
a single genomic sequence. Or a plurality of individual PCR
reactions (e.g., individual tubes) may be used. A sample from
an ecosystem as well as PCR reagents and polymerase
enzyme may then be added at the location and the mixture
subjected to thermal conditions such that PCR amplification
can occur. In an embodiment, the production of a PCR prod-
uct may be monitored using a dye (e.g., SYBR® Green dye)
that can intercalate in the double-stranded PCR product
thereby indicating whether amplification has occurred, and in
some embodiments, providing a level of amplification.

In yet other embodiments, the present invention also pro-
vides methods for isolating samples from an ecosystem of
interest that may be analyzed using molecular methods. In
some embodiments, the ecosystem of interest is being moni-
tored for a parameter of interest. The method may comprise
isolating and/or identifying bioindicators that are informative
about the ecosystem. In at least some embodiments, at least
one of the bioindicators is a bioindicator for a specific param-
eter associated with the ecosystem. For example, in certain
embodiments, the bioindicator is informative about either the
presence or absence of mercury, or the levels of mercury in
the ecosystem. Or, the bioindicator may be specific for other
parameters as described herein.

Thus, in yet another embodiment, the present invention
comprises a method to prepare a nucleic acid sample from a
ecosystem of interest, the nucleic acid sample comprising one
or a plurality of bioindicator DNA sequences, wherein the
method comprises amplifying a DNA sample isolated from a
ecosystem with a plurality of primers that have the ability to
specifically amplify nucleic acid sequences comprising bio-
indicators. In one embodiment, at least one of the primers
comprise at least a portion of a variable region of a ribosomal
RNA. For example, the primers may comprise at least one
oligonucleotide molecule having a sequence identical to any
one of SEQ ID NO: 114-SEQ ID NO: 316, and/or SEQ ID
NO: 329-SEQ ID NO: 340, and/or SEQ ID NO: 351-SEQ ID
NO: 370, or a fragment thereof. In separate and alternative
embodiments, the primers used for amplification of DNA
from a sample of interest may comprise at least 2, 4, 6, 10, 20,
40, 50, 60, 70, 80, 90 or 100 oligonucleotide molecules hav-
ing a sequence identical to any one of SEQ ID NO: 114-SEQ
ID NO: 316, and/or SEQ ID NO: 329-SEQ ID NO: 340,
and/or SEQ ID NO: 351-SEQ ID NO: 370, or a fragment
thereof.

By measuring hybridization of the array of bioindicators to
a sample from an ecosystem of interest, or by measuring
changes in PCR amplification of certain OTUs, changes in at
least one parameter that are indicative of a change in the
ecosystem may be measured. In at least some embodiments,
at least one of the bioindicators is a bioindicator for a specific
parameter associated with the ecosystem. For example, in
certain embodiments, the bioindicator is informative about
either the presence or absence of mercury, or the levels of
mercury in the ecosystem. Or, the bioindicator may be spe-
cific for other parameters. Thus, in one embodiment, the
present invention comprises a method for analyzing a bioin-
dicator profile or pattern of bioindicator profiles to evaluate
the status of an ecosystem. For example, the method may
comprise the step of measuring hybridization of a nucleic acid
sample to an array of oligonucleotides immobilized at known
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locations on a substrate, or changes in a PCR abundance
profile, wherein each location on the array, or primer set used
for PCR, comprises an oligonucleotide having a sequence
that is derived from a single, predetermined microbial opera-
tional taxonomic unit (OTU), and wherein at least one
sequence is associated an ecosystem parameter (e.g., the pres-
ence, absence or levels of mercury in the ecosystem), and
correlating the hybridization of the nucleic acid to the array,
or the changes in a PCR abundance profile, with the ecosys-
tem parameter.

In one embodiment, a single change in the pattern of a
bioindicator abundance profile (e.g., provided by array
hybridization data, PCR amplification or other methods of
detection of the presence of bioindicator OTUs in a sample)
for a first nucleic acid sample isolated from an ecosystem of
interest as compared to a second nucleic acid sample isolated
from an ecosystem of interest is associated with a change in a
single parameter, such as the presence or absence of mercury.
Or, a single change in the bioindicator abundance profile for
a first nucleic acid sample isolated from an ecosystem of
interest as compared to a second nucleic acid sample isolated
from an ecosystem of interest may be associated with a
change in a plurality of ecosystem parameters. In an embodi-
ment, at least one of the plurality of ecosystem parameters is
the presence or absence of mercury. Additionally or alterna-
tively, a plurality of changes in the bioindicator abundance
profile of a first nucleic acid sample isolated from an ecosys-
tem of interest as compared to a second nucleic acid sample
isolated from an ecosystem of interest is associated with a
change in one ecosystem parameter, such as the presence or
absence of mercury. Or, a plurality of changes in the bioindi-
cator abundance profile of a first nucleic acid sample isolated
from an ecosystem of interest as compared to a second nucleic
acid sample isolated from an ecosystem of interest may be
associated with a change in a plurality of parameters. In an
embodiment, at least one of the plurality of ecosystem param-
eters is the presence or absence of mercury.

In one embodiment, the analysis of the bioindicator abun-
dance profile may comprise using known bioindicator pro-
files such that changes in ecosystem parameters of a sample
may be determined. Samples may vary by location of the
ecosystem, the time of sampling of a single ecosystem, or the
location of sampling within a single ecosystem. In an embodi-
ment, the analysis may comprise using a computer program
including known bioindicator profiles to identify profiles that
are associated with certain parameters in an ecosystem
sample.

Also included as part of the present invention are systems
for monitoring ecosystems of interest. The systems of the
present invention may comprise any of the compositions,
methods or products as described herein. Thus, another
embodiment of the present invention comprises a system for
monitoring an ecosystem of interest comprising a product
having a plurality oligonucleotides, such that each oligo-
nucleotide comprises an oligonucleotide having a sequence
that is derived from a single predetermined microbial opera-
tional taxonomic unit (OTU). In certain embodiments, the
plurality of OTU-specific oligonucleotides comprise indi-
vidual locations. For example, the plurality of OTU-specific
oligonucleotides may be applied as probes or primers on a
substrate as an array. The system may also comprise a device
able to measure hybridization of a nucleic acid sample to the
array and/or to measure the PCR profiles generated by OTU-
specific primers for ecosystem samples.

Also, the system may comprise a computer for analysis of
the results. For example, the computer may comprise an
algorithm for compiling the data showing detection of bioin-
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dicators using the plurality of OTU-specific oligonucleotides
and analyzing the data to determine the status of an ecosystem
parameter.

DEFINITIONS

As used herein, the following terms shall have the defini-
tions set out below. Also, in accordance with the present
invention, conventional molecular biology, microbiology,
and recombinant DNA techniques may be used that will be
apparent to those skilled in the relevant art. Such techniques
are explained fully in the literature (see, e.g., Maniatis,
Fritsch & Sambrook, “Molecular Cloning: A Laboratory
Manual (1982); “DNA Cloning: A Practical Approach,” Vol-
umes [ and 1T (D. N. Glover ed. 1985).

Ecosystem as used herein follows a definition as generally
used by ecologists—the biotic and abiotic components of a
system defined by generally recognized boundaries, such as a
lake, pond, river, wetland or reservoir. Aquatic ecosystems
are characterized by being continuously or generally water
saturated. Ecosystems may also be terrestrial ecosystems
and/or atmospheric ecosystems. Ecosystems may be natural
(e.g. lakes and/or their sediments, such as the Great Lakes,
forested areas and/or soils) or anthropogenic (e.g., agricul-
tural soils, ponds, reservoirs, or even water storage facilities).
Laboratory scale containment (e.g. test tubes, flasks, carboys)
are generally not considered ecosystems.

As used herein, the presence or absence of mercury
includes measurements of both the presence of mercury, or
the absence of mercury, or the presence and/or absence of
mercury. The presence of mercury is used to describe a state
comprising a level of mercury that can be measured by tech-
niques known in the art. For example, mercury may be mea-
sured using approved EPA testing methods such as total mer-
cury (THg) analyses using Method 7471, a cold-vapor atomic
absorption method based on the absorption of radiation
(A=253.7 nm) by mercury vapor and/or monomethyl mercury
(MMHg) analyses in accordance with EPA Method 1630.

As used herein, “taxonomic unit” is a group of organisms
that are considered distinct enough to be treated as a separate
unit. A taxonomic unit may comprise a family, genus or
species but is not limited as such. Also as used herein, each
“operational taxonomic unit (OTU)” comprises a group of
one or more microorganisms that are treated as aunit based on
a small sub-unit (SSU) rDNA sequence identity of 297.5%
among members of the group.

As used herein, a bioindicator is an organism or part
thereof, or a biological process, whose change in numbers,
structure, or function points to a change, or a plurality of
changes, in the environment. Generally, a bioindicator has a
relatively high and easily identifiable sensitivity to selective
environmental influences. The changes in the environment
may relate to various changes in the ecosystem such as
changes in a single chemical, physical or biological param-
eter, or changes in combinations of chemical, physical, or
biological parameters in either absolute abundance or relative
abundance to each other. Any microbe whose relative abun-
dance depends upon a biotic and/or an abiotic aspect(s) of an
ecosystem of interest, or whose appearance is restricted to a
subset of ecosystems, can be a bioindicator. Moreover, a
plurality of two or more bioindicators (two or more present or
more abundant than in the absence of a condition, two or more
absent or less abundant than in the absence of the condition, or
combinations of two or more in abundance and/or presence)
may together indicate a condition of the ecosystem of interest.
A condition of an ecosystem may refer to either a single biotic
or abiotic factor or a combination of such factors.
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For example, a bioindicator for a parameter of interest can
be a DNA sequence that can be used to monitor an ecosystem
for that parameter. A bioindicator for mercury can be a DNA
sequence that can be used to monitor an ecosystem for the
absence or presence of mercury and/or levels of mercury.
Similarly, a bioindicator for cadmium can be a DNA sequence
that can be used to monitor an ecosystem for the absence or
presence of cadmium and/or levels of cadmium, and a bioin-
dicator for acidity can be a DNA sequence that can be used to
monitor an ecosystem for the absence or presence of an acid
environment and/or levels of acidity.

A “vector” is a replicon, such as plasmid, phage or cosmid,
to which another DNA segment may be attached so as to bring
about the replication of the attached segment.

As used herein, variable ribosomal DNA is a region within
the small subunit ribosomal DNA (SSU rDNA) which can be
used to derive OTU-specific primer and probe oligonucle-
otides as described herein. As used herein, variable ribosomal
DNA comprises a contiguous sequence of 20 or more nucle-
otides in which 80% of the nucleotides are not represented
more than 60% of the time by a single nitrogen base (i.e., A,
C, G, or T) as assessed for sequences from all known rDNA
molecules. For example, in certain embodiments, the V1 and
V2 regions of rDNA are used as a source of variable riboso-
mal DNA. In certain embodiments, portions of other variable
regions (e.g., V3-V6) may comprise variable rDNA. With
reference to locations in E. coli (Prosius et al., 1981, J. Mol.
Biol., 148:107-127), variable 16S rDNA can include at least
portions of the following sequence regions: 50-150, 160-263,
423-523, 806-906, 950-1050, 1110-1220 and 1409-1509.
With reference to locations in Saccharomyces cerevisiae
(Rubstov et al., 1980, Nucl., Acids Res., 8: 5779-5794), vari-
able 18S rDNA can include at least portions of the following
sequence regions: 50-550, 600-750, 800-900, 970-1200,
1350-1600, and 1700-1800.

A “DNA molecule” refers to the polymeric form of deox-
yribonucleotides (adenine, guanine, thymine, or cytosine) in
either single stranded form, or a double-stranded helix. This
term refers only to the primary and secondary structure of the
molecule, and does not limit it to any particular tertiary forms.
Thus, this term includes double-stranded DNA found, inter
alia, in linear DNA molecules (e.g., restriction fragments),
microbes, viruses, plasmids, and chromosomes.

DNA molecules may be identified by their nucleic acid
sequences, which are generally presented in the 5' to 3' direc-
tion, wherein 5' and 3' indicate the linkages formed between
the 5'-phosphate group of one nucleotide and the 3'-hydroxyl
group of the next. For a single stranded DNA molecule with
the sequence presented in the 5'-3' direction, the reverse
complement is the DNA sequence in the 5'-3' direction of the
single-stranded DNA molecule that hybridizes to the first
strand to form a double-stranded DNA molecule according to
the Watson-Crick base pairing model. Thus, the sequence of
the reverse complement is defined by the sequence of the
original strand, such that adenine base-pairs with thymine,
and cytosine base-pairs with guanine.

The term “gene” means a region of DNA encoding for the
mRNA sequence that codes for a given protein/polypeptide
along with elements regulating mRNA production, or a
region of DNA encoding for a ribosomal RNA (rRNA)
sequence that performs a structural function as a subunit of
ribosomes along with elements regulating rRNA expression.

“Messenger RNA” or “mRNA” shall mean a RNA mol-
ecule that encodes for a polypeptide. “Ribosomal RNA” or
“rRNA” shall mean a RNA molecule that performs a struc-
tural function in ribosomes.
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“Complementary DNA” or “cDNA” shall mean the DNA
molecule synthesized by polymerization of deoxyribonucle-
otides from an RNA template by an enzyme with reverse
transcriptase activity and the subsequent double-stranded
cDNA sequence.

An “isolated nucleic acid” is a nucleic acid the structure of
which is not identical to that of any naturally occurring
nucleic acid or to that of any fragment of a naturally occurring
genomic nucleic acid spanning more than three separate
genes. The term therefore covers, for example, (a) a DNA
which has the sequence of part of a naturally occurring
genomic DNA molecule but is not flanked by both of the
coding sequences that flank that part of the molecule in the
genome of the organism in which it naturally occurs; (b) a
nucleic acid incorporated into a vector or into the genomic
DNA of a prokaryote or eukaryote in a manner such that the
resulting molecule is not identical to any naturally occurring
vector or genomic DNA; (c) a separate molecule such as an
oligonucleotide, a genomic fragment, a fragment produced
by polymerase chain reaction (PCR), or a restriction frag-
ment; and (d) a recombinant nucleotide sequence that is part
of'a hybrid gene, i.e., a gene encoding a fusion protein.

“Oligonucleotide”, as used herein, is defined as a molecule
comprised of two or more deoxy- or ribonucleotides, prefer-
ably more than eight. Its exact size will depend upon many
factors which, in turn, depend upon the ultimate function and
use of the oligonucleotide. As is known in the art, it is possible
that each of the oligonucleotide molecules may vary by a few
bases. For example, the synthesis of the oligonucleotide may
result in a portion of the oligonucleotides being less than full
length. Or, a portion of the oligonucleotides immobilized at a
particular location may degrade by a small percentage over
time. Such oligonucleotides are considered to be “fragments™
of the original oligonucleotide. Thus, an oligonucleotide
sequence that is derived from, and specific to, a single, indi-
vidual OTU may include fragments of that oligonucleotide.

A “DNA fragment” includes polynucleotides and/or oligo-
nucleotides and refers to a plurality of joined nucleotide units
formed from naturally-occurring bases and cyclofuranosyl
groups joined by native phosphodiester bonds. This term
effectively refers to naturally-occurring species or synthetic
species formed from naturally-occurring subunits. “DNA
fragment” also refers to purine and pyrimidine groups and
moieties which function similarly but which have non natu-
rally-occurring portions. Thus, DNA fragments may have,
altered sugar moieties or inter-sugar linkages. Exemplary
among these are the phosphorothioate and other sulfur con-
taining species. They may also contain altered base units or
other modifications, provided that biological activity is
retained. DNA fragments may also include species that
include at least some modified base forms. Thus, purines and
pyrimidines other than those normally found in nature may be
so employed. Similarly, modifications on the cyclofuranose
portions of the nucleotide subunits may also occur.

The term “identical” refers to sequence identity between
two amino acid sequences or between two nucleic acid
sequences. Percent identity can be determined by aligning
two sequences and refers to the number of identical residues
(i.e., amino acid or nucleotide) at positions shared by the
compared sequences. Sequence alignment and comparison
may be conducted using the algorithms standard in the art
(e.g. Smith and Waterman, Adv. Appl. Math. 2:482 (1981);
Needleman and Wunsch, J. Mol. Biol. 48:443 (1970); Pearson
and Lipman, Proc. Natl. Acad. Sci. (USA), 85:2444 (1988)) or
by computerized versions of these algorithms (Wisconsin
Genetics Software Package Release 7.0, Genetics Computer
Group, 575 Science Drive, Madison, Wis.) publicly available
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as BLAST and FASTA. Also, ENTREZ, available through the
National Institutes of Health, Bethesda Md., may be used for
sequence comparison. In one embodiment, percent identity of
two nucleotide sequences may be determined using GCG
with a gap weight of 1, such that each gap is weighted as if it
were a single nucleotide mismatch between the two
sequences.

“Primer” shall refer to an oligonucleotide, whether occur-
ring naturally or produced synthetically, which is capable of
acting as a point of initiation of DNA synthesis when placed
under conditions in which synthesis of a primer extension
product, which is complementary to a nucleic acid strand, is
induced, i.e., in the presence of nucleotides and an inducing
agent such as a DNA polymerase and at a suitable tempera-
ture and pH. The primer may be either single-stranded or
double-stranded and must be sufficiently long to prime the
synthesis of the desired extension product in the presence of
the inducing agent. The exact length of the primer will depend
upon many factors, including temperature, the source of
primer and the method used. For example, for multiplex PCR
amplification of genomic DNA, the oligonucleotide primer
typically contains 15-30 or more nucleotides, although it may
contain fewer nucleotides.

The primers herein are selected to be “substantially”
complementary to different strands of a particular target DNA
sequence. This means that the primers must be sufficiently
complementary to hybridize with their respective strands.
Therefore, the primer sequence need not reflect the exact
sequence of the template. For example, a non-complementary
nucleotide fragment may be attached to the 5' end of the
primer, with the remainder of the primer sequence being
complementary to the strand. Alternatively, non-complemen-
tary bases or longer sequences can be interspersed into the
primer, provided that the primer sequence has sufficient
complementarity with the sequence or hybridize therewith
and thereby form the template for the synthesis of the exten-
sion product.

“Probe” shall refer to any oligonucleotide that can be used
for detection of a nucleic acid molecule (e.g., RNA or DNA)
that has a complementary sequence to the probe, wherein
detection uses hybridization of the probe to the complemen-
tary nucleic acid sequence. Such probes include single-
stranded DNA molecules. The act of “probing” as used herein
describes the step of hybridizing a nucleic acid sample with a
probe having a known sequence, or a plurality of probes
having known sequences (i.c., an array), to determine
whether any of the sequences in the sample are complemen-
tary to the probe sequence(s).

Asused herein, the term “hybridization” refers generally to
a technique wherein denatured RNA or DNA is combined
with complementary nucleic acid sequence that is either free
in solution or bound to a solid phase. As recognized by one
skilled in the art, complete complementarity between the two
nucleic acid sequences is not a pre-requisite for hybridization
to occur. Hybridization conditions can be described as rang-
ing from low to high stringency. Hybridization that occurs
under high stringency conditions is specific in that a large
percentage of complementarity between two nucleotide mol-
ecules is required for hybridization to occur under stringent
conditions. Hybridization that occurs under low stringency
conditions is less specific in that a lower percentage of
complementarity between two nucleotide molecules is
required for hybridization to occur under stringent condi-
tions. Even under highly stringent conditions, there may not
be perfect complementarity between two oligonucleotide
molecules that hybridize, although conditions may be estab-
lished that require perfect complementarity. Generally,
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highly stringent conditions refer to washing hybrids in low
saltbuffer at high temperatures. Hybridization may be to filter
bound DNA using hybridization solutions standard in the art
such as 0.5M NaHPO,, 7% sodium dodecyl sulfate (SDS) at
65° C., and washing in 0.25 M NaHPO,,, 3.5% SDS followed
by washing 0.1xSSC/0.1% SDS at a temperature ranging
from room temperature to 68° C. depending on the length of
the probe (see e.g. Ausubel, F. M. et al., Short Protocols in
Molecular Biology, 4" Ed., Chapter 2, John Wiley & Sons,
N.Y). For example, a high stringency wash comprises wash-
ing in 6xSSC/0.05% sodium pyrophosphate at 37° C. fora 14
base oligonucleotide, or at 48° C. for a 17 base oligonucle-
otide, or at 55° C. for a 20 base oligonucleotide, or at 60° C.
for a 25 base oligonucleotide, or at 65° C. for a nucleotide
probe about 250 nucleotides in length. Equivalent stringen-
cies may be obtained with other wash solutions by varying the
temperature as is known in the art. Nucleic acid probes may
be labeled with radionucleotides by end-labeling with, for
example, [y->*P]ATP, or by incorporation of radiolabeled
nucleotides such as [a->*P]dCTP by random primer labeling.
Alternatively, probes may be labeled by incorporation of
biotinylated or fluorescein labeled nucleotides, and the probe
detected using antibodies to the label, or by chemical incor-
poration of cyanin dyes as described herein.

As used herein, “restriction endonucleases” and “restric-
tion enzymes” shall refer to bacterial enzymes that cleave
double-stranded DNA at or near a specific nucleotide
sequence.

A polypeptide refers to any peptide generated from a pro-
tein or the full-length protein itself. A polypeptide may
include the full-length protein or a fragment generated by
proteolytic cleavage, chemical cleavage, or other means.

As used herein, an array or microarray comprises a sub-
strate having a plurality of discrete locations. An array may
comprise locations that have specific elements at each loca-
tion. For example, one type of array is a solid-state grid
containing short sequences of nucleic acid (usually DNA) of
known sequence a particular position (i.e., location or
address) on the grid. The DNA molecules may be immobi-
lized at these positions (e.g., by UV-induced formation of
chemical bonds between the DNA molecule and the substrate
(i.e., UV cross-linking) or evaporation of the DNA onto the
substrate. DNA arrays may be termed microarrays due to the
small size of the grid and the small amounts of nucleotide
(e.g., UM or nM amounts) present at each address.

As used herein, a computer program comprises a com-
puter-encoded language that encodes the steps required for
the computer to perform a specific task or tasks.

Also, as used herein, software comprises the computer
program(s) used in conjunction with any other operating sys-
tems required for computer function.

As used herein, the singular forms “a”, “an” and “the”
include plural references unless the context clearly dictates
otherwise.

Notwithstanding that the numerical ranges and parameters
setting forth the broad scope of the invention are approxima-
tions, the numerical values set forth in the specific examples
are reported as precisely as possible. Any numerical value,
however, inherently contains certain errors necessarily result-
ing from the standard deviation found in their respective
testing measurements. Moreover, all ranges disclosed herein
are to be understood to encompass any and all subranges
subsumed therein. For example, a stated range of “1 to 10”
should be considered to include any and all subranges
between (and inclusive of) the minimum value of 1 and the
maximum value of 10; that is, all subranges beginning with a
minimum value of 1 or more, e.g. 1 to 6.1, and ending with a
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maximum value of 10 orless, e.g., 5.5 to 10. Additionally, any
reference referred to as being “incorporated herein” is to be
understood as being incorporated in its entirety.

Water Surveillance Using Nucleic Acid Based Arrays

The present invention recognizes that the abundance of
certain microorganisms may be aftected by local water con-
ditions. These conditions may vary for individual species and
strains. For example, whereas one species might proliferate in
phosphate-rich water, another species may prefer low-phos-
phate water (Kilham et al, 1986, Limnol. Oceanogr.,, 31:1169-
1181; Siver et al., 1999, Limnol. Oceanograph., 44:1928-
1955). Also, phytoplankton and benthic algae may be used as
indicators of eutrophication (Shubert, L. E. (ed.), 1984, Algae
as ecological indicators. Academic Press, N.Y; Stoermer, E.
F. and J. P. Smol, 1999, The Diatoms: applications for the
environmental and earth sciences, Cambridge Univ. Press,
Cambridge, UK). Or, the abundance of known microbial spe-
cies can vary as a function of pollution levels (Lemke et al.,
1997, Microb. Ecol., 34:224-231). It has been shown that the
presence of high levels of heavy metals in water may be
reflected in the tissue of the marine limpet (Pérez-Lopez, M.,
etal., 2003, Journal of Environmental Health, Part A—1oxic/
Hazardous Substances and FEnvironmental Engineering,
38:2845-2856). Also, coliform bacteria may be used as an
indicator of the presence of human sewage in aquatic systems.

Over the past decade, direct observation and culturing of
microbes has been complemented by emerging molecular
approaches, including: in situ hybridization (Schohuber, W.,
etal. 1991, Appl. Environ. Microbiol. 65:1258-1267), selec-
tive PCR detection of individual taxa (e.g. Oldach, D. W., et
al. 2000, Proc. Natl. Acad. Sci. USA, 97:4303-4308; Rublee,
P. A, etal. 2001, Environ. Health Perspectives, 109 [Supple-
ment 5]:765-767), community assays such as Differential
Gradient Gel Electrophoresis (DGGE) analyses (e.g., Diez,
B., etal. 2001, Appl. Environ. Microbiol., 67:2942-2951) and
filter macroarray hybridization (e.g., Rudi, K., et al. 2000,
Appl. Environ. Microbiol., 66:4004-4011). In situ hybridiza-
tion allows taxon-specific identification and enumeration of
target organisms. Although highly specific, the method is
time consuming as it generally involves microscopic obser-
vation of the sample. PCR, the polymerase chain reaction,
may detect a targeted organism that exists in low abundance in
the natural environment. Selective PCR detection of indi-
vidual microbes is highly specific, rapid, and may even be
quantitative (e.g., real-time quantitative PCR), but can be
limited in that primers specific to the sequence to be amplified
must be available. DGGE analysis has become a relatively
common approach to community assessment of prokaryotic
or even eukaryotic communities, but is limited in that it relies
on the assumption that different nucleic acid sequences will
display differential mobility in a gradient gel, which is not
always the case.

From the standpoint of environmental investigations,
recent microarray development efforts have increasingly
focused on the identification of genes from specific microbial
organisms associated with environmental processes, such as
nitrogen fixation, or with the detection of specific microbes
(Wu et al., 2001, Appl Environ. Microbiol., 67:5780-5790).
Most of the microbes that exist in freshwater sources, how-
ever, are unknown and/or unculturable (Kaeberlein et al.,
2002, Science, 296:1127-1129; Hiorns et al., 1997, Appl.
Environ. Microbiol., 63: 2957-2960; Lopez-Garcia et al.,
2001, Nature, 409:603-607).

The present invention uses a different approach. Instead of
using DNA sequences from known microbes, the present
invention uses bioindicator sequences that are specific to an
operational taxonomic unit and that are derived from a spe-
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cific ecosystem. These bioindicators are not only informative
about parameters associated with the ecosystem from which
the bioindicator is derived, but can provide information about
other ecosystems. For example, a first step of developing
methods and systems to monitor water may be the identifica-
tion of suitable bioindicator molecules. Embodiments of the
present invention provide compositions, products (e.g.,
devices), methods and systems to monitor a an aquatic eco-
system, such as a water supply by identifying nucleic acid
sequences that are diagnostic of the aquatic microbial popu-
lation. In at least some embodiments, at least one of the
bioindicators is a bioindicator for a specific parameter asso-
ciated with the ecosystem. For example, in certain embodi-
ments, the bioindicator is informative about either the pres-
ence or absence of mercury, or the levels of mercury in the
ecosystem. Or the bioindicator may be informative about the
presence and/or absence or levels of any other physical (e.g.
temperature, pressure), chemical (e.g. alkalinity, pH, element
or compound), or biological component (e.g. viruses, bacte-
ria, alga, protozoan, fungus, or other flora or fauna) or char-
acteristics of the ecosystem. The compositions, products,
methods, and systems of the present invention may be used to
monitor water. Or, other ecosystems may be monitored.

FIG. 1 shows an embodiment of a method of the present
invention that may be used to identify potential ecosystem
biomarkers and to prepare a product or device that can be used
to monitor an ecosystem or ecosystems. As shown in FIG. 1,
the method 100 may comprise a first step of collecting a
sample from an ecosystem of interest 104 (FIG. 1). The
ecosystem may comprise an aquatic ecosystem such as a lake
or other body of water. In alternate embodiments, water from
a lake, a sea, an estuary, a tidal pool, wetlands, a stream, river,
ground water, flood water, standing water, or marine systems
may be used.

The bioindicator may comprise the microorganism itself,
or a molecule that provides information about the microor-
ganism. The bioindicator may comprise a nucleic acid mol-
ecule. Nucleic acid molecules may be useful as bioindicators
as nucleic acid molecules comprise a source of qualitative and
quantitative information. By analyzing the sequence of the
DNA molecules in the water sample, information about the
genetic make-up ofthe microbes present in the sample may be
obtained. Also, by measuring the amount of DNA molecules
in the water sample, information about the amount of specific
microbes in the sample may be obtained. As described herein,
nucleic acid molecules, such as DNA may be used to identify
and classify microorganisms into operational taxonomic
units (OTUs). Thus, the method may comprise the step of
isolating nucleic molecules from the water sample 106 (FIG.
1).

The method may next comprise the step of determining the
sequence of DNA molecules isolated from the sample of
interest 108. In an embodiment, rDNA may be used as diag-
nostic sequences. Thus, to make an array for monitoring
water, a first step may comprise the isolation and sequence
characterization of 16S rDNA (prokaryotic) and 18S (eukary-
otic),DNA species from selected water reservoir samples.
The DNA molecules selected for analysis may comprise
small subunit (SSU) ribosomal RNA genes (SSU rDNA). In
this way, recovery of DNA sequences may be based on the
endogenous abundance of individual microbes, and is not
restricted to the recovery of known microorganisms.

The DNA sequences isolated from the ecosystem of inter-
est may be used to generate bioindicator probes. As illustrated
in FIG. 1, in one embodiment, the bioindicator probes are
categorized into operational taxonomic units (OTUs) 110.
Both prokaryotic and eukaryotic SSU rDNA can be useful
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targets for determination of operational taxonomic units
because SSU rDNA sequences contain highly conserved
nucleotide regions interspersed with variable regions. The
conserved sequences provide an anchor by which a plurality
of different rDNA sequences may be isolated from a sample.
By using primers that hybridize to the conserved regions of
either eukaryotic or prokaryotic rRNA genes, a library of
amplified rDNA sequences that are different in the variable
regions may be isolated from a single sample. Primers that
can be used for amplification of prokaryotic rDNA sequences
may comprise SEQ ID NOS: 1 and 2 (Table 1). Primers that
can be used for amplification of eukaryotic rDNA sequences
may comprise SEQ ID NOS: 3 and 4 (Table 1).

TABLE 1
Sequences and target positions of primers
used to amplify rDNAs
SEQ
Primer Sequence ID NO: Location
168 AGAGTTTGATCCTGGCTCAG! 1 8-272
Forward
168 AAGGAGGTGATCCAGCCGCA! 2 1541-
Reverse 15222
188 AACCTGGTTGATCCTGCCAGT? 3 1-21%
Forward
188 TGATCCTTCTGCAGGTTCACCTAC? 4 1795-
Reverse 17724
Iprimers from Edwards et al., 1989, Nucleic Acids Res., 17,
7843-7853; Bruce et al., 1992, Appl. Environ. Microbiol., 58,
3413-3416.
2position in E. coli (Brosius et al., 1981, J. Mol. Biol., 148,
107-127) .
3primers from Medlin et al., 1988, Gene 71, 491-499.
4position in §. cerevisiae (Rubstov et al., 1980, Nucl. Acids
Res., 8, 5779-5794).

The amplified rDNA products may be used to provide a
foundation for phylogenetic classification and comparison of
both prokaryotic and eukaryotic microbial species isolated
from the water samples of interest (see e.g., McCaig, A. E., et
al., 1999, Appl. Environ. Microbiol., 65:1721-173036, Rey-
senbach, A. L., et al, 1992, Appl. Environ. Microbiol.,
58:3417-3418; Pace et al., 1986, Adv. Microb. Ecol., 9:1-55;
Sogin and Gunderson, 1987, Annals. NY Acad. Sci. 503:125-
139). A level of 97.5% sequence identity is a generally
accepted criterion by which rDNAs may be placed in the
same operational taxonomic unit (OTU). Because multiple
small subunit rDNAs may reside within a genome for any
single species (Farrelly et al., 1995, Appl. Environ. Microbiol.
61:2798-2801), a 97.5% level of sequence identity generally
allows for the possibility that sequences in the same species
are recovered. In performing this type of analysis, it may be
necessary to check for artifactual sequences resulting from
the amplification protocol (e.g., CHIMERA-CHECK; Kopz-
cysnski et al., 1994, Appl. Environ. Microbiol., 60:746-748;
Wang and Wang, 1995, Appl. Environ. Microbiol., 63:4645-
4650; Qui et al., 2001, App. Environ. Microbiol., 58: 2717-
2722).

The present invention recognizes that the sequences of
small subunit rDNAs in prokaryotes and eukaryotes may
allow for phylogenetic classification of known and novel
species as operational taxonomic units (OTUs). For example,
as described in Example 2 and shown in FIGS. 2 and 3,
rank-abundance curves were generated for 16S rDNA
sequences, and 18S rDNA sequences, respectively, isolated
from five separate samplings from three different lakes, and
that were organized as operational taxonomic units. The
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water samples were taken from the following lakes: Lake
Townsend, N.C., Station 1, in June; Lake Townsend, N.C.,
Station 2 in June; Lake Townsend, Station 1, in March; City
Lake, N.C.; and Lake Toolik, Ak. It was found that some of
the OTUs had multiple members (i.e., # clones>1), whereas
many of the OTUs were represented by only one sequence. As
described in Example 2, in certain embodiments, a sequence
from a defined OTU can recognize (i.e., hybridize to) other
members of the OTU under the conditions used for hybrid-
ization of the array. Thus, in one embodiment, an array may
be made using unique OTUs as isolated from the various
samples.

In certain embodiments, sequences specific to OTUs that
are associated with the presence of mercury may be charac-
terized. Thus, FIGS. 4 and 5, show rank abundance profiles
for 16S prokaryotic rDNA libraries (FIG. 4) and for 18S
eukaryotic rDNA libraries (FIG. 5) for four different bodies
of water believed to be contaminated with mercury. The four
samples were form three diverse sites where mercury con-
tamination has been documented for several years. These
locations included: (1) a hot spot for mercury contamination
in the Great Lakes; (2) a Florida Everglades site that is part of
the EPA National Atmospheric Deposition Network; and (3)
two putative contamination sites in the North Fork of the
Holston River (Saltville, Va.) (and one Holston River non-
contaminated site not in figure). Specifically, the Great Lakes
sample (GL-DRTC) (FIGS. 4D and 5D) was collected from
bottom sediment in the Trenton-Riverview Channel of the
Detroit River (N 42° 11.226', W 83° 9.188") and the Ever-
glades sample (FL-WCA1) (FIGS. 4C and 5C) was collected
from an area located within site WCAL. For the Holston
River, bottom sediments were taken when river flow was at
1.54 ft and 302 {t*/s: a reference (uncontaminated) sample at
river mile 94 (NFHR 94), and a mercury-contaminated
sample at river mi. 80.8 (NFHR 80.8) (FIGS. 4B and 5B). The
third Holston River sample, also mercury-contaminated, was
collected from a floodplain adjacent to the North Fork located
atrivermi. 77 NFHR 77) (FIGS. 4A and 5A). River mile 80.8
and 77 sites are located at distinct mileage points along the
river. The site at river mi. 80.8, in particular, is believed to be
contaminated by mercury discharge from Pond 5 at river mi.
81.8 along the river.

Samples may be subjected to mercury analyses using
approved EPA testing methods such as total mercury (THg)
analyses using Method 7471, a cold-vapor atomic absorption
method based on the absorption of radiation (A=253.7 nm) by
mercury vapor and/or monomethyl mercury (MMHg) analy-
ses in accordance with EPA Method 1630. For the samples
used for the OTU selection shown in FIGS. 4 and 5, Total Hg
(THg) was positively identified in control sample NFHR 94,
but the amount was estimated to be 22 ng/g, which is between
the reporting limit and the minimum detection limit. MMHg
in NFHR 94 was measured at 0.075 ng/g. By comparison,
THg levels were at least 38 times greater in the other samples
than in NFHR 94 (22 ng/g), except for FL-WCA1, which was
below the minimum detection limit. For example, MMHg
levels were at least 8.9 times greater in NFHR 80.8 and up to
39 times greater in GL-DRTC than in NFHR 94 (0.075 ng/g).

The sequences of rDNAs from isolated samples may be
also used to generate phylogenetic trees. In one embodiment,
the Unweighted Pair Group Method with Arithmetic Mean
(UPGMA) may be used to compare the sequence data from
OTUs and to generate a phylogenetic tree. This type of analy-
sis may be used to confirm the relationship between known
sequences, and to order newly identified sequences and
OTUs. For example, the data in FIGS. 6 and 7 show a prokary-
ote tree constructed using data from sequences isolated from

20

25

30

35

40

45

50

55

60

65

30

Lake Townsend (Greensboro, N.C.), Toolik Lake (AL), and
City Lake (High Point, N.C.) using 111 different 16S rDNA
OTUs, including 40 OTUs that were based on known rDNA
sequences (FIG. 6), and a eukaryote tree constructed using
109 18S rDNA OTUs, and including 22 known rDNA
sequences (FIG. 7).

The sequence information may also permit the develop-
ment of species specific primers. Species-specific primers
may be used to characterize a variety of prokaryotic and
eukaryotic microbes such as cyanobacteria, Mycobacterium,
Pfiesteria piscicida, and other types of microbial species (see
e.g., Edwards, U., et al., 1989, Nucleic Acids Res., 17:7843-
7853; Reysenbach, A. L., et al., 1992, Appl. Environ. Micro-
biol., 58:3417-3418; Shi, W., et al., 2002, Appl. Environ.
Microbiol., 68:3859-3866; and Oldach, D. W., et al., 2000,
Proc. Natl. Acad. Sci., USA, 97:43034308).

Bioindicators may be unique to a specific ecosystem, or
may be shared among a plurality of ecosystems. A diversity of
microbial species may be readily retrievable even from a
single body of water. Also, while any one body of water may
have several unique OTUs, it is highly likely that the sample
will include OTUs that are common to other ecosystems.
Such common OTUs may represent 10% or more of the
rDNAs analyzed in the sample, and may be shared across
water samples. Also, an environmental event that occurs in an
environmental community, such as a contamination, may
alter the abundance of individual microbial species and
related bioindicators in that community. The method may
therefore comprise the step of determining whether an opera-
tional taxonomic unit (OTU) and/or an individual or species-
specific DNA sequence is specific to a particular ecosystem,
or varies in abundance between ecosystems. For example, a
bioindicator for assessing freshwater microbial communities
may comprise nucleic acid sequences specific to microbes
that are characteristic of the freshwater system, or that are
diagnostic of the response of microbes to certain changes in
the fresh water environment. Or, a bioindicator for assessing
marsh water microbial communities may comprise nucleic
acid sequences specific to microbes that are characteristic of
the marsh environment, or that are diagnostic of the response
of microbes found in the marsh environment to certain
changes (e.g., change in abundance) in a marsh water envi-
ronment. Thus, referring back to FIG. 1, the method may
therefore comprise identifying bioindicators or OTUs that
vary among ecosystems 112. The method may also comprise
identifying bioindicators or OTUs that are shared among,
and/or that are unique to, individual ecosystems 114 (FIG. 1).
Note, steps 112 and 114 may be performed in the order
indicated, in reverse order, or simultaneously.

To determine which OTUs, if any, appear in more than one
ecosystem, the sequences from a library of DNA sequences
isolated from a ecosystem of interest may be compared to
those sequences in every other library from ecosystems of
interest in pairwise library comparisons, and a similarity
coefficient may be calculated for each pairing. For example,
in an analysis of five different samplings of DNA molecules
from three different lakes (Lake Townsend, N.C.; City Lake,
N.C.; and Toolik Lake, Ak.) there was some overlap between
every pair of samples. There were also notable differences
between the lakes. For example, none of the prokaryotic
sequences were shared between Lake Townsend, a
mesotrophic lake in North Carolina, and Toolik Lake, an
oligotrophic lake in Alaska.

Venn diagrams may be used depict sample comparisons at
different spatial and temporal scales to identify sequences
that may differ between ecosystems. Referring now to FIG. 8,
in a fine-scale spatial comparison of samples taken in June
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from stations 1 and 2 at Lake Townsend, N.C. (LT-1J and
LT-2]), it was found that even between samples that may be
expected to be highly similar, differences in sequences may
be found. For example, for IT-1J and L'T-2], there were two
rDNA sequences that occurred four times as often in L'T-2] as
in LT-1J: an unidentified 16S rDNA OTU, and an 18S rDNA
from Geminigera cryophila. Such unequal occurrences of an
OTU between samples may signify a detectable difference in
the relative abundance of a specific microbial population
between samples, and OTUs that consistently vary in fre-
quency among samples are potential bioindicators.

Once the nucleic acid sequences isolated from various
ecosystems have been identified and compared, it may be
possible to compile OTUs as putative bioindicators 116 (FI1G.
1). For example, for five samplings from three different lakes
(Lake Townsend, Greensboro, N.C.; City Lake, High Point,
N.C.; and Toolik Lake, Ala.), 26 different eukaryotic OTUs
represented by multiple copies, including 11 that are associ-
ated with known species, may be identified. Another 79
eukaryotic OTUs may be obtained as single copy clones, with
many of the single-copy OTUs representing unidentified spe-
cies (Marshall, 2002, Masters Thesis, University of North
Carolina at Greensboro). Also, 45 different prokaryotic OTUs
may be detected in multiple copies. Of these, 10 species are
associated with a known species, and 19 species display sub-
stantial homology to reported sequences for as yet unidenti-
fied species. Another 92 single copy rDNA sequences, most
from unidentified prokaryotes, may be recovered (Amos,
2002, Masters Thesis, University of North Carolina at
Greensboro). As described in more detail herein, all of the
sequences identified from the ecosystems of interest (e.g.,
water samples), whether derived from known or previously
unidentified rDNA sequences, may be used as probes printed
on an array of the present invention.

For example, for the four samplings of three lakes believed
to be contaminated with mercury described herein, PCR
amplicons may be used to generate 16S rDNA and 18S rDNA
plasmid clone libraries (one library for each sampling). The
libraries may then be sampled by randomly selecting 50
clones from each for sequence analyses. The resulting
sequence data (~500 nucleotides for each clone) may be used
to generate alignments so that sequences can be grouped into
OTUs using a 97.5% sequence identity criterion. Samples
may then be compared based on OTU composition so as to
screen for candidate Hg bioindicators. Rank-abundance pro-
files may be assembled showing the number and relative
abundance of OTUs found in each sample, as well as the
OTUs that were designated as candidate Hg bioindicators
(FIGS. 4 and 5).

It may be expected that three diverse samples would share
approximately 4% of the OTUs recovered if 50 clones were
sequenced from each sample. However, samples that have a
higher chemical similarity (e.g., the presence of mercury)
may also share a greater number of the same microbial
sequences such that 10 or more candidate bioindicators might
be expected to emerge from rDNA sequence analyses. This is
consistent with previous work by Sorensen and colleagues
(Muller, et al. 2001, 2002; Rasmussen and Sorensen 1998,
2001) who found rapid changes in community structure,
including significant increases in the proportion of culturable
mercury resistant bacteria. It may also be expected, that most
of the unidentified rDNA sequences obtained from these
samples would be novel. Therefore, the selection criteria may
focus on direct associations between the presence of mercury
and recovered sequences, rather than the specific identity of
the microbial taxa associated with the various sequences.
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For example, in certain embodiments, a microbial rDNA
sequence may be established as a potential bioindicator for
mercury if multiple copies were detected in three mercury-
contaminated samples and it did not align with any other
rDNA sequence in GenBank (unless known to be associated
with mercury metabolism) or other databases.

Second, a sequence may designated as a potential bioindi-
cator relating to mercury if multiple copies were found at two
mercury-contaminated sites. If no sequences satisfy either of
these criteria, then a sequence may be considered to be bio-
indicator for mercury if multiple copies are detected in at least
one mercury-contaminated sample. Additionally or alterna-
tively, a sequence may be considered to be mercury bioindi-
cator if it grouped into one of the five most abundant mercury
bioindicator OTUs. Using such criterion, candidate Hg bio-
indicators that meet the first two criteria, the samples that
yielded them, and descriptions based on alignments with
sequences reported in GenBank can be compiled (see e.g.,
Table 2).

TABLE 2

Abundance, distribution and BLAST identification
of candidate mercury (Hg) bioindicator:

NFHR NFHR FL- GL-
BLAST identification
77 80.8 WCAl DRTC (297.5%)

Hg1 2 2 — —  Uncultured bacterium clone
PAT_162 (EF552046)

Hg?2 1 2 — 2 Uncultured bacterium clone
170ds20 (AY212621)

Hg3 1 2 — —  Flavobacterium pectino-
vorum,
type strain DSM 6368
(AM230490)

Hg 4 1 1 — —  Uncultured bacterium clone
Pia-s-4 (EF632936)

Hg5 1 1 — —  No match

Hg6 5 3 — —  Uncultured eukaryote clone
Amb_18S_1283 (EF023834)

Hg7 4 1 — 1 Uncultured eukaryote clone:
18S-KM-B-35 (AB238192)

Hgg 2 1 — 2 Uncultured eukaryote clone:
18S-AK-B-23 (AB238131)

Hg9 1 1 — 1 No match

Hg 10 1 1 — —  Uncultured eukaryote clone:
18S-KM-B-21 (AB238178)

Hg 11 1 1 — —  No match

Hg 12 1 — — 1 Staurosira construens
(AF525659)

Hg 13 1 — — 4 No match

Hg 14 — 1 — 2 Uncultured Phaeosphaeri-

aceae
clone

Amb_18S_1368 (EF023910)

Accession numbers in ( ).

In some cases, a majority of the candidates will not be
identified based on BLAST alignments. This may be either
because the candidate rDNA aligns with an uncultured micro-
organism as yet uncharacterized or because the candidate
rDNA is unknown and fails to align with anything. Both cases
present potential bioindicator opportunities since the vast
majority of microbes have not been identified and their eco-
logical functions remain unknown. Thus, in contrast to arrays
that only use sequences specific to known microorganisms for
the detection of biological changes, the arrays of the present
invention may generally employ previously unidentified
sequences as informative probes.

For example, Hg 1 is 99% identical to an uncultured bac-
terium reported as clone P4T 162 (Accession No.
EF552046) and isolated during a study entitled “Microbial
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Community Analysis of Two Field-Scale Sulfate-Reducing
Bioreactors Treating Mine Drainage” (publicly available on
the NCBI database). Without more information, the ecologi-
cal function of this organism remains unknown. However,
although the identity of the microbe is unknown, the marker
demonstrates potential dual applications as both bioindicator
and bioremediator. In fact, many microbial bioindicators may
also be bioremediators, but they have not been isolated and
studied to establish their roles in overall community dynam-
ics and their effects on the environment.

The method may next comprise the step of organizing a
nucleic acid array of probes or an array of a plurality of assays
(e.g., a plurality of probes or PCR assays) that can reflect
microorganisms that are common to multiple communities,
as well as organisms that are specific to one or only a few
communities to thereby monitor the effect of an ecological
change 118 (FIG. 1). Thus, the ability to assess environmental
parameters of water quality may include a sufficient number
of bioindicator species that have unique profiles in different
ecosystems, but may also include species that are shared
among samples to allow for general application.

The array may comprise nucleic acid probes and/or prim-
ers that are specific to known organisms. Additionally or
alternatively, the array may comprise nucleic acids that are
grouped to provide information about various taxonomic
groups. For example, the array may comprise a plurality of
prokaryotic and/or eukaryotic nucleic acid sequences derived
from specific DNAs. Or, the array may comprise a plurality
of nucleic acid sequences organized by operational taxo-
nomic unit. Notably, there is no requirement that the environ-
mental DNA samples used to develop the array are the same
as the environmental communities to be analyzed.

For example, in one embodiment, PCR primers derived
from sequences specific to an OTU are used to amplify DNA
from an ecosystem sample, and the amplified DNA is use to
probe an array that includes oligonucleotide probes that are
derived from the same OTU-specific nucleic acid molecules.
If the ecosystem sample includes sequences that are specific
to the OTU, the PCR product will hybridize to the array at the
location of the correct probe. In certain embodiments, multi-
plex PCR is used for amplification of the sample DNA, such
that a plurality of PCR primer sets, each set specific to a single
OTU are used.

In another embodiment, the array may comprise PCR
primers at each of the locations. For example, in certain
embodiments, the array may comprises a plurality of primer
sets at individual locations, where a primer set is two primers
that can amplify a single genomic sequence. Or a plurality of
individual PCR reactions may be used. A sample from an
ecosystem as well as PCR reagents and polymerase enzyme
may then be added at the location and the mixture subjected to
thermal conditions such that PCR amplification can occur. In
an embodiment, the production of a PCR product may be
monitored using a dye (e.g., SYBR® Green dye) that can
intercalate in the double-stranded PCR product thereby indi-
cating whether amplification has occurred, and in some
embodiments, providing a level of amplification.

Samples that are derived from very different environmental
communities may be expected to vary more than samples that
are derived from similar communities, or the same commu-
nity. Still, samples taken from a single lake, but either at a
different location, or a different season, may also show varia-
tion. The variation may be qualitative, in that specific OTUs
are either absent from, or present in, a water sample. Or, it
may be that a certain OTU is much less abundant in one
sample than another sample. For example, FI1G. 9 illustrates a
quantitative PCR determination of the relative amounts of
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three nucleic acid sequences found in each of three lake
samples tested, but in highly varied amounts. For each of the
curves shown in FIG. 9 (FIGS. 9A, 9B, and 9C) the second
curve from the left represents the sample from which the
nucleic acid of interest was detected in high abundance, and
the third and fourth curves from the left represent other lake
samples tested. Also, results for a positive control, including
each of the test samples, and a negative control with no DNA,
are shown. Such skewed amplification curves may be found
where DNAs vary in quantity between samples. In alternate
embodiments, the template DNAs may vary 10-fold, or
20-fold, or 50-fold, or more than 200-fold, between samples.

FIG. 10, panels A and B, provides a schematic representa-
tion of two embodiments of a method that may be used to
monitor an aquatic ecosystem in accordance with an embodi-
ment of the present invention. The method may comprise the
first step 202 of generating an array comprising a plurality of
oligonucleotides at known locations on a substrate, wherein
each location on the array comprises an oligonucleotide
probe having a sequence derived from a single, predeter-
mined microbial operational taxonomic unit (OTU) as is
described herein for FIG. 1. Alternatively, the method may
comprise generating a plurality of individual primer sets,
each primer set having at least one primer that has a sequence
derived from a single, predetermined microbial operational
taxonomic unit (OTU) 204. In certain embodiments, at least
some of'the OTU sequences used for the plurality of probes or
primers are associated with the presence or absence of mer-
cury. Also in certain embodiments, the array includes OTUs
that are shared between ecosystems and/or unshared between
ecosystems.

Next, the method may comprise the step of collecting a
sample from an ecosystem of interest 206. In one embodi-
ment, the ecosystem may comprise an aquatic ecosystem. For
example, samples may be collected from a body of water at
different levels, or at different locations, and/or during difter-
ent times of the year. Also, samples from different aquatic
ecosystems may be used. For example, samples may be col-
lected from different lakes, pools, estuaries, or marshes. Or,
aquatic ecosystems comprising different types of growth lev-
els may be used (e.g., eutrophic, mesotrophic, or olig-
otrophic). Or, samples may be obtained from a body of water
because there is a reason to suspect that the body of water has
been contaminated in some way, as for example, with mer-
cury. Additionally or alternatively, samples may be collected
from a terrestrial and/or atmospheric ecosystem such as those
described herein.

The method may next comprise the step of preparing a
DNA sample from the ecosystem of interest 208. The nature
of'this step may vary depending upon whether DNA probes or
primers or both will be used for detection of bioindicators in
the sample.

For example, the polymerase chain reaction (PCR) may be
used to amplify DNA sequences from a water sample of
interest 210. The PCR amplification may use primers
designed to amplify sequences which, if present in the sample
and amplified, are complementary to the oligonucleotide
probe or primer sequences on the array so as to generate a
template for hybridization or PCR. In that way, if a sequence
on the array is present in the sample of interest, it may be
detected. In one example, a multiplex (i.e., multiple primer)
PCR amplification is used to amplify multiple sequences
from the sample of interest that are complementary to
sequences immobilized on the array. Primer pairs that may be
used for multiplex PCR may include a sequence selected from
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the group of SEQ ID NO: 114-SEQ ID NO: 316 or from the
group of SEQ ID NO: 341-SEQ ID NO: 350 and/or SEQ ID
NO: 371-SEQ ID NO: 388.

The sample genomic DNA or the PCR amplified DNA
molecules from the sample of interest may be labeled in some
manner 210. For example, the amplified DNA molecules may
be labeled by the incorporation of a radiolabeled nucleotide,
or a fluorescent dye(s) as described herein.

Next, the method may comprise the step of hybridizing the
labeled DNA sample (i.e., either genomic or PCR amplified)
from the ecosystem of interest to the array 214. In one
embodiment, a high stringency hybridization is used. For
example, the hybridization conditions may comprise the con-
ditions as described herein.

Alternatively, the analysis may use a plurality of PCR
primers in individual reactions and monitor whether amplifi-
cation of a particular OTU-specific sequence occurs 216. In
this case, the sample DNA may be directly used in the assay.
Thus, as described above, in certain embodiments, the prod-
uct comprises a plurality of primer sets at individual loca-
tions, where a primer set is two primers that can amplify a
single genomic sequence. A sample from an ecosystem as
well as PCR reagents and polymerase enzyme may then be
added at the location and the mixture subjected to thermal
conditions such that PCR amplification can occur. In an
embodiment, the production of a PCR product may be moni-
tored using a dye (e.g., SYBR® Green dye) that can interca-
late in the double-stranded PCR product thereby indicating
whether amplification has occurred, and in some embodi-
ments, providing a level of amplification 218.

The method may then comprise the step of correlating
hybridization of the DNA sample to the array with a param-
eter that comprises at least part of the ecosystem (FIG. 10B).
The presence of sequences in the sample of interest that are
complementary to putative bioindicator sequences on the
array may be determined by measuring locations on the array
that exhibit hybridization to the labeled probe 214. Or, the
relative abundance of a bioindicator in a sample may be
measured by real-time and/or quantitative PCR 218. In this
way, the identity, and in some cases, the relative amounts, of
sequences that are in the sample may be determined.

For example, if two samples of water (e.g., sample A and
sample B) are hybridized to the same array, and different
hybridization patterns result, or produce different amounts of
an OTU-specific PCR product, than the oligonucleotide(s) on
the array that displays a change in hybridization, or the prim-
ers that display changes in the levels of PCR product may
correspond to a DNA sequence(s) that is diagnostic of a
difference, or a plurality of differences, between the two
samples. Thus, the method may comprise the step of deter-
mining whether the pattern of hybridization or PCR amplifi-
cation at any one position or at a plurality of positions on the
array changes 220. For example, in one embodiment, the
pattern of hybridization may indicate a change in mercury
levels in the sample.

In one embodiment, no change in the pattern of hybridiza-
tion or PCR amplification at any one position or at a plurality
of positions on the array is detected upon hybridization with
two different samples. In this, case, no change in water quality
is detected, and if the status quo is acceptable, no action is
required 222. Alternatively, a change in the pattern of hybrid-
ization or PCR amplification at any one position or at a
plurality of positions on the array is detected upon hybridiza-
tion with two different samples. In this case the change in the
water quality may be recorded 224 and the nature of the
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change determined 226. In an embodiment, the method may
include the step of determining if treatment of the water is
required 228.

An example of the application of a method 300 of analysis
of patterns, or changes in the patterns of bioindicator profiles
to the evaluation of a ecosystem is shown in FIG. 11. As a first
step, the method may include determining the pattern of
hybridization or PCR amplification for an array of OTU-
specific primers or probes 302. Methods for measuring
hybridization may include use of a radiolabeled ANTP during
amplification of the sample DNA such that DNA sequences
that hybridize to an array of bioindicators such as OTU-
specific oligonucleotides, may be detected by autoradiogra-
phy. Or, the amplified PCR products hybridized to the probes
may be labeled with a fluorescent dye and hybridization
detected using a fluorometer. Once the pattern of hybridiza-
tion and/or amplification has been measured and recorded,
the pattern may be compared with the pattern of hybridization
and/or amplification produced by a different sample (i.e., a
sample from another ecosystem, or taken from the same eco-
system at a different time or location), such that any changes
in hybridization and/or amplification between the two
samples may be documented. Alternatively, the extent of PCR
amplification using different primer sets may be monitored as
a pattern of PCR amplification.

At this point, a determination may be made as to whether
the new bioindicator profile(s) has a change that is associated
with a known bioindicator profile(s) 304. If it is determined
that the pattern of bioindicator profile(s) is not associated
with a known biological change 306, the sample may be
analyzed to determine the nature of the change 308. Once the
nature of the change is known, the pattern of the bioindicator
profile(s) may be added 310 to a database 320 of patterns
associated with known biological changes.

Still referring to FIG. 11, in some cases, it may be possible
to correlate the pattern of bioindicator profile(s), as detected
by hybridization to OTU-specific oligonucleotides, or PCR
amplification with OTU-specific oligonucleotides, to a
known biological change(s) 320. For example, in one
embodiment, the biological change may comprise a change in
the levels of mercury in the sample. This may be possible even
where at least some of the sequences on the array, or the
changes in the hybridization pattern, arise from novel, or
previously uncharacterized, organisms. For example, there
may be a single change in the pattern of hybridization to an
array, or a single change in one of a plurality of PCR ampli-
fication profiles, for two samples that is diagnostic of a single
change between the two samples. Thus, as shown in FIG. 11,
hybridization at the position corresponding to an oligonucle-
otide having the nucleic acid sequence of A may be associated
with the presence of mercury 322. Again, it may not be
necessary to identify or characterize the organism from which
sequence A is derived as such information may be ascertained
merely by prior characterization that sequence A is associated
with chromium in a water sample.

Alternatively, a single change in the pattern of hybridiza-
tion to an array or PCR amplification profiles for two samples
may be diagnostic of a plurality of changes between the two
samples. For example, a change in hybridization at sequence
B may be associated with a change in the ratio of nitrogen to
phosphate in a water sample 324. Or, there may be multiple
changes in the pattern of hybridization to an array for two
samples that are diagnostic of a single change between the
two samples. For example, the presence of hybridization, or a
particular level of PCR amplification, for oligonucleotide(s)
having sequences from OTUs C, D, and E and the absence of
hybridization, or a lack of PCR amplification, for oligonucle-
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otide corresponding to sequence from OTU F may be diag-
nostic of the introduction of arsenic into the water system
326. In yet another embodiment, there may be multiple
changes in the pattern of hybridization to an array for two
samples that are diagnostic of multiple changes between the
two samples. For example, the presence of hybridization, or
PCR amplification, for oligonucleotides corresponding to
sequences from OTU G, H, and I, in combination with the
lack of hybridization, or PCR amplification, for sequences
corresponding to OTU J; may be diagnostic of a loss of
multiple eukaryotes from the system 328. The information
provided by the array may be comprehensive and allow for
any remedial steps that may be required to be taken 350. The
analysis may be formatted as part of a computer program so as
to be run on a computer. In one embodiment, known patterns
for a bioindicator profile or profiles may be included as a part
of the computer program. Alternatively, the information pro-
vided by the array may be considered to provide a preliminary
screening which may then be verified by chemical and/or
microbiological analysis of the sample.

Generation of Probes and Primers

As described herein, primers that may be used for ampli-
fication of bioindicator nucleic acid molecules from an eco-
system may be designed to amplify sequences from the vari-
able regions of rDNA. Small subunit rRNA genes (SSU
rDNA) are especially useful targets for the molecular identi-
fication of microbial species because these sequences contain
highly conserved nucleotide regions interspersed with vari-
able regions. The variable regions may be used as a founda-
tion for phylogenetic classification and comparison of both
prokaryotic and eukaryotic microbial species (e.g., Sogin and
Gunderson, 1987, Annals. NY Acad. Sci., 503:125-139). The
sequence information also permits detection and quantifica-
tion of microbial species by PCR amplification using species-
specific primers.

Thus, in one embodiment, ribosomal DNA that includes
highly conserved and highly variable regions is used to char-
acterize the presence of microbial community members. Spe-
cies-specific or OTU-specific primers that anneal to internal
variable regions can then be used to test for the presence of
individual species. For both eukaryotic and prokaryotic
rDNA, the variable rDNA regions show sufficient variability
to develop amplification primers and probes that may be
sensitive and specific to the organism to be tested.

For increased specificity and sensitivity in microarray
experiments, variable sequence regions within the SSU
rDNA may be utilized in a two-tiered strategy: (1) species-
specific or OTU-specific PCR primers (e.g., Tables 3-6) can
be multiplexed in individual PCR reactions to selectively
amplify individual species or OTUs; (2) PCR products may
then be labeled and hybridized to corresponding species-
specific or OTU-specific oligonucleotide probes (e.g., Tables
3-6) immobilized on a microarray, where the probes immo-
bilized on the array have sequences that are included in the
amplified DNA products. The process may provide improved
specificity and sensitivity because each of the species-spe-
cific or OTU-specific primer pairs and probes are designed
using the same rDNA sequence.

To determine nucleic acid sequences that are specific to a
single OTU, and thus can be used to detect the presence of a
specific OTU in an ecosystem of interest, samples from
aquatic ecosystems (e.g., water) may be used to isolate DNA
sequences derived from microbial ribosomal DNA. The indi-
vidual ribosomal DNAs may be cloned and the nucleic acid
sequence for each clone determined. Then, sequences from
each rDNA clone are simultaneously aligned with either a
prokaryotic rDNA sequence or a eukaryotic rDNA sequence
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to determine regions of variability for the cloned rDNAs. In
this way, primers and probes (e.g., Tables 3-6) specific for a
particular OTU (or microbe population) can be identified.

To ascertain the relative location and degree of variability
among variable regions, rDNA sequences can be initially
aligned using the multiple alignment computer program
CLUSTAL W (Thompson et al., 1994, Nucleic Acids Res.,
22:4673-4680). Multiple alignment parameters including a
gap initiation penalty of three, a gap extension penalty of one,
a base match score of one, and a base mismatch penalty ofone
can be used. In some embodiments, transitions are not
weighted and terminal gaps are not penalized. By aligning the
cloned sequences with either the prokaryotic or eukaryotic
rDNA, the SSU rDNA can be demarcated into conserved and
variable sequence regions, which may be further aligned by
hand to optimize the multiple alignment result where neces-
sary. In certain embodiments, primers are designed that have
at least 20 contiguous nucleotides with 80% or more of the
nucleotides having 60% or more variability (i.e., the indi-
vidual nucleotide is never represented more than 60% of the
time by a single nitrogen base, A, C, G, or T) as assessed for
sequences from all known rDNA molecules. In certain
embodiments, primers from the V1 and V2 regions of either
prokaryotic and/or eukaryotic rDNA are used. In some
embodiments, for prokaryotic primer sequences and probes
(Table 3), variable sequence regions may be used within
nucleotides 50-880 (V1, V2, V3, and V4), based on align-
ments with E. coli tDNA (SEQ ID NO: 317) (FIG. 12A)
(Brosius et al., 1981, J. Mol. Biol., 148:107-127; GenBank
Accession No. V00348). Specifically, nucleotides 50-150
(V1 region) (SEQ ID NO: 319) or 160-250 (V2 region) (SEQ
1D NO: 320) in the forward direction and nucleotides 430-510
(V3 region) (SEQ ID NO: 321) or 820-880 (V4 region) (SEQ
ID NO: 322) (FIG. 12C) in the reverse direction allow for
OTU-specific amplification by PCR that includes a region
that complements microarray probes, which include nucle-
otides 160-250 (V2) (SEQ ID NO: 320) or 430-510 (V3)
(SEQ ID NO: 321). Primer sequences within these regions
can be selected to maximize specificity for each individual
organism. Based on alignments with S. cerevisiae (Rubstov et
al., 1980, Nucl. Acids Res., 8:5779-5794; GenBank Acces-
sion No. V01335) (SEQ ID NO: 318) (FIG. 12B) using the
same alignment conditions, eukaryotic primer sequences and
probes (Tables 2 and 4) included variable sequence regions
within nucleotides 50-1100 (V1, V2, V3, and V4). Specifi-
cally, positions 50-550 (V1 plus flanking sequence region)
(SEQ ID NO: 324) (FIGS. 12D-1) in the forward direction
and positions 800-870 (V3) (SEQ ID NO: 326) or 1000-1100
(V4) (SEQ ID NO: 327) (FIGS. 12D-2) in the reverse direc-
tion allow for OTU-specific amplification of a region that
includes a region that complements probes within nucleotides
600-800 (V2) (SEQ ID NO: 325) or 1000-1100 (V4). When
the sequence regions specified for primer and probe design do
not include OTU-specific sequences, such that primers
designed for two microbes would be the same or substantially
similar, other variable regions are used. For example,
prokaryotic primer sequences may also include nucleotides
1100-1160 (V6) (SEQ ID NO: 323) in the reverse direction
and eukaryotic primer sequences may also include nucle-
otides 1350-1450 (VS5) (SEQ ID NO: 328) in the reverse
direction, when necessary.

Thus, in one embodiment of the present invention, ampli-
fication of a genomic sample DNA may be performed by
multiplex PCR using primers chosen to provide products that
can hybridize to taxon-specific ribosomal DNAs. Using this
protocol can dramatically reduce non-specific labeling, and
eliminate the need for intermediate PCR reactions, which
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reduce sensitivity. Oligonucleotide probes that may be spot-
ted to provide a taxon-specific array (e.g., SEQ ID NOS:
5-113 and/or SEQ ID NO: 329-SEQ ID NO: 340, and/or SEQ
IDNO: 351-SEQ ID NO: 370), and the primers used to detect
(i.e., amplify) such sequences in water samples (e.g., SEQ ID
NOS. 114-316 and/or SEQ ID NO: 341-SEQ ID NO: 350
and/or SEQ ID NO: 371-SEQ ID NO: 388), are shown in
Tables 3, 4, 5 and 6. For example, primers having the
sequences SEQ ID NOS. 114 and 115 (1F and 1R, respec-

tively) may be used to amplify DNA from a water sample such 10

that the amplification product contains sequences that will
hybridize with an oligonucleotide probe (1P) immobilized on
an array, where probe 1P has the sequence described by SEQ

40
IDNO: 5 (Table 3). Similarly, primers for Hgl (SEQID NOS:
341 and 342) may be used to amplify DNA from a water
sample such that the amplification product contains
sequences that will hybridize with an oligonucleotide probe
(Hgl) immobilized on an array (or its reverse complement
Hglrc), where probe Hg1 has the sequence described by SEQ
ID NO: 329 and the reverse complement Hglrc has the
sequence described by SEQ ID NO: 330 (Table 5). In one
embodiment, multiple primer pairs (e.g., SEQ ID NOS: 114-
214) are used to amplify DNA sequences that include SEQ ID
NOS: 5-60). In addition, as is known in the art, the reverse
complementary sequence of each probe sequence in Tables 2
and 3 may also be spotted as an oligonucleotide on the array.

TABLE 3

Eukaryotic probes and primer pairs used for multiplex PCR

Eukaryotic SEQ GenBank SEQ
primer sequence ID PCR Accession Probe Sequence ID Oligo
(5'-3") NO: ©No. Template No. (5'-3") NO: No.
ATACAGGCGC 114 1F Acanthamoeba AY35164 ACTAACTCAATAGC 5 1P
TCGATAAGAG mauritaniensis 7 AGGAACGGGAATC
AGCTGCTAGG 115 1R CAGAAGGAGGGGA
GGAGTCATTC CGGGCGGGCC
AACTCGACTTT 116 2F Cryptosporidium BAF22299 GATTTCTCATAAGG 6 2P
ATGGAAGGG parvum 8 TGCTGAAGGAG-
CAAAGTCCCTC 117 2R TAAGGAACAACCT
TAAGAAGAC CCAATCTCTAGT
TTGGCTTTAGC 118 3F Cyclospora AF11118 AGTTCCGGAACACC 7 3P
CGGCGATAG cayetanensis 3 AACGCACGCAGCG
AAGCCAAGGT 119 3R AAGCGCGGAAGGC
AGGCGTTTCC TACCGGAAGA
GACGACACAT 120 4F Entamoeba X65163 GAAATGTCTTATTG 8 4P
AACTCTAGAG histolytica ACATCCCCTCAGCA
TCATCCAATCC 121 4R TTGTCCCATGCTTG
TTGGTTGAC AATATTCA
AACTTGCCCAA 122 5F Giardia AF19944 CCCACGCGGCGGG 9 5P
TGCGCGG intestinalis 9 TCCAACGGGCCTGC
GGGAATACGG 123 5R isolate Dogl9 CTGGAGCGCTCCCG
TGGTGTCTG TTTCCTCGT
GATTGGAATG 124 6F Isospora belli AF10693 GAATTTCACCACGT 10 6P
ATGGGAATCC 5 ACACACCCCTAAG
AGGAGAAGTC 125 6R GGCGGACTGGCTG
AAGTATGACG CTTCCAGCAG
GCGGTAGTAA 126 7F Microsporidium AY14064 CTTTATCATCGGAC 11 7P
GGAGACGTG sp. STF 7 TCGCCCCTGGCCAG
GCATCGGCATC 127 7R CGCTTTCGCCTCTG
GTTTACTGC TCGCTCCT
TTCGGTGGTGA 128 8F Naegleria AF33842 CCTCCAACCATCTC 12 8P
GGTATTATC fowleri 3 CTGATGGAACTAGT
AAGATCGCTG 129 8R TACCCCGTAAACAC
GGATAGTGTC TCTTAGGT
ATCGAGTATCA 130 9F OTU LT3A27, N/A ACGGAGACAAACA 13 9P
ATTGGAGGG multi-copy, AGCACCAACACAA
GACGGGGTCA 131 9R identified as GTGAAGGGCACGT
ATACAACGAC Asterionella TGCTCCAACCA

formosa
GCCAATGGTCT 132 10F OTU LT1A42, N/A CAAGCAGAAAGGC 14 1o0pP
TCTTATTGG multi-copy, ACGCGCGCACCGTC
GAGGTCGTAA 133 10R identified as CAACCAGAGGCTG
ATTGACACTC Cryptomonas ACAGTTCACA

sp., strain

M420
TTCAAACCGGC 134 11F OTU LT1A4, N/A GCACGCGCATGCC 15 11p
CTCGTTCTG multi-copy, GTCCGACCAGAGG
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TABLE 3-continued

Eukaryotic probeg and primer pairs used for multiplex PCR

Eukaryotic SEQ GenBank SEQ
primer sequence ID PCR Accession Probe Sequence ID ©Oligo
(5'-3") NO: No. Template No. (5'-3") NO: No.
CCCATAACCA 135 11R identified as CCGACAGCCCACA
ACGAAATAGC Cryptomonas CGCGCCCAAAR
ovata, strain
CCAP 979/61
TTAGCGAATCG 136 12F OTU LT2A7, N/A TAACTGTCCCTGAT 16 12P
TGGCACGTC multi-copy, GGGACTAGTAGGG
AATGTATTCCT 137 12R identified as ATTGGTTTAAAGCC
GCAAACGCC Dileptus sp. TCTCCCTAG
GGGTTCTTACG 138 13F OTU LT2A19, N/A TCTCAGACGGATGA 17 13P
AACTTTGGG single-copy, ACGCCTATACCTCG
CTGATCGGGCT 139 13R identified as ACCGGAGCCGCTGT
TGAAAGACC Coleps sp. ACAAACGC
TATCGAGGAC 140 14F OTU LT3A2, N/A ACCTAATGCCACAC 18 14P
CAATTGGAGG single-copy, AGATTCCACCCAAG
GACGGAGTCA 141 14R unidentified GATGGACGAGCTG
ATACAACGAC CCCAAGTAC
TGGACTCTTTT 142 15F OTU LT1A3, N/A CCATCTGCGCCTCA 19 15Pp
GAGTCCGGC single-copy, ACATGCAGGTAAA
ATCAATACTAA 143 15R unidentified TCGTAAAGAAAAG
CACCCACCG GCCAAATAGC
TAACGATAGC 144 16F OTU LT1AlO0, N/A GTATCACACCAGG 20 16P
GGGCTCGTTC multi-copy, GAGGTTATTGAACG
CATAGGGTGCT 145 16R unidentified CAGACCACCTAGGT
GATAGAGTC AACACCTAA
CCGAGATTTCT 146 17F OTU LT2Al2, N/A AAGGATGCTTTCAG 21 17p
CGGAAATTG multi-copy, GCACTGATCGCGCA
TTTCTCACGAG 147 17R unidentified CACTGAGGTGGGA
CTGCTGAGG AGTGCCGTT
ATGGTGGAGG 148 18F OTU TL1Aleé, N/A TAAGTGCAACGGG 22 18P
TGATTCATTC multi-copy, ATCCTCATGCAGAA
AATTGACATCC 149 18R unidentified AGACCCGAGCCTG
ACTGATCCC CCGTCCGACC
GATACAGGAC 150 19F OTU TL1Al, N/A AAAGTAAACCTGC 23 19P
TCATCCGAGG multi-copy, CAGCACAGACGGA
ARACGCCTGC 151 19R unidentified CACTCGGCGAAGA
AGATCGCTAG GCACCCGCCTG
ACAATGCCGG 152 20F OTU TL1A2, N/A TTAATGCCAGATAT 24 20P
GCCTTTCAAG multi-copy, GCTCTCCCCGAGGA
TGGAGTCGTTA 153 20R unidentified TGGCTGCAGACAC
CAAACTTCC ATAGTACAG
TCGGCGACGA 154 21F OTU TL1A9, N/A AGTCGACCAGTTCT 25 21Pp
TGATTCATTC multi-copy, GACCCATGAGGCC
TGAACAAACC 155 21R unidentified GACCGGCTGAGCTC
ACGCCCAATC ACTCTGAAC
CGGTTTACCGG 156 22F OTU TL1Al2, N/A TCAAACCTGATTCA 26 22P
CGATAGATC multi-copy, AACCCGTATGGGTC
TTCTCTCGAGG 157 22R unidentified GATCGGTCGTCCTC
TGCTGAAGG AGCAGAAA
AATCGGATCG 158 23F OTU TL1A21, N/A TGGTAGGCTACCAC 27 23P
CATGGGCTAG multi-copy, TGCGCATCCACAAG
GAACGGGATA 159 23R unidentified GAGGCAGAAACTA
ATTCTCGCCC GCCAACCAG
CCCACTTATGT 160 24F OTU CL1A3, N/A GCTTCATGCAGGAG 28 24P
GGGTTTGAC single-copy, CATCTCAGCATCCA
GAAGTAGAGG 161 24R unidentified GTGTTGGGACCAG
ATCTTGCCTC GACATACTG
GACAGCTTCTT 162 25F OTU CL1A4, N/A GTTATGATTCTATC 29 25P
TAATGGAGG single-copy, TCAAGGAGGAGCG
ATCTGTTGGTC 163 25R unidentified TCCTGTGCTCTCCC
CTCCAAATC ACTTCACTC
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Eukaryotic probeg and primer pairs used for multiplex PCR

Eukaryotic SEQ GenBank SEQ
primer sequence ID PCR Accession Probe Sequence ID ©Oligo
(5'-3") NO: No. Template No. (5'-3") NO: No.
AATACAGGGC 164 26F OTU CL1AS5, N/A TCCAGAAGGTGAG 30 26P
TCTTTGAGTC single-copy, GCCGACGCAAAGA
AAGACGTACC 165 26R unidentified GTACTCACCGCTAG
ACCGATCCTG GTGGACCCTC
TAACAATGCG 166 27F OTU CL1Aé6, N/A ACAGTAAAGGACG 31 27P
GAGCCTTCGG single-copy, CAGGTCCGGACGC
AAGAACGTCC 167 27R unidentified CGACAAGTGAATG
GCCAATCCTG CCGACGCCTTC
TATCTGGCGCT 168 28F OTU CL1AS8, N/A TCTCTAGAAGGATG 32 28P
TTTGCGTCG multi-copy, CCCAACCCGCACCG
CAACGTCTACC 169 28R unidentified GCACTCACAGGCC
CATCCCAAG ARAAAGGCC
ACTCGGGAAC 170 29F OTU LT2A20, N/A CGAAGACGGATGA 33 29P
CTAGTTCTAC single-copy, CTAACTATATACTG
TCTCTTACGGC 171 29R unidentified ACGTAAGCCAGCA
GCCGAAAAG TATAAATAGC
AGGGCCAACG 172 30F OTU LT1AS5, N/A CACAATTAAGTGCA 34 30P
GTCTTGTTAT multi-copy, ACGGGATCCTCATG
TCGCAAATTGA 173 30R unidentified CAGAAAGACCCGA
CATCCACTG GCCTGCCGT
CTCTCTCCGAG 174 31F OTU LT1AS8, N/A TATTAACGCACTAC 35 31Pp
TATCAATTG multi-copy, GCCCTGGAAGGAT
ACTTCCCTCAA 175 31R unidentified GCTTTCAGGCACTG
TCGCTAGTC ATCGCGCAC
GCAGAGCTTC 176 32F OTU LT1A9, N/A ACAGCTACCACCAC 36 32P
ACAGTTTTGC single-copy, CCTAAGGTGGGGA
AGACGTCTCCT 177 32R unidentified GGTCATCCCGATCA
GATCGCAAG GAGATTCAA
N/A OTU LT1All, N/A TTCCAAGAGGATGC 37 33P
single-copy, CTCGGTCTAACCAG
unidentified ACACAAACCCGTAT
GGGTCGGT
N/A OTU LT1Al13, N/A AAGTGTTTTCCGGA 38 34P
single-copy, AGATGGACGCAAA
unidentified CACCCGGTACACA
GACCGCGAGT
ATACGTCCCGG 178 35F OTU LT3A5, N/A TAACAGAAGGATG 39 35P
GACTGCAAT multi-copy, GTAGGGCGGCTCA
CGAAGGCGGA 179 35R unidentified GCGCACTCAACTTG
TAATTCTCGC AGGGCAAAGT
ACAATGCAGG 180 36F OTU LT3A6, N/A ACAGTACAAGTCTT 40 36P
GCCTTTACGG multi-copy, GCGACTAGACCGTC
GAATAACACT 181 36R unidentified CGGCCCAAAACCT
CACTGATCCC GAAATCCAA
ATACAGGACT 182 37F OTU LT3A7, N/A AAACAAGCCAGTA 41 37p
CATCCGAGGC multi-copy, CCGAAAGCATTCG
ARACGCCTGC 183 37R unidentified GACCGACTTCTGTC
AGATCGCTAG CGCCGAGATC
N/& OTU LT3ALL, N/& GCAAGCGGATGAC 42 38P
single-copy, TGTCAGAATCCCCG
unidentified TCTAATGACTGAAG
ACCTGAACA
CTTTACAGGTC 184 39F OTU LT3Al3, N/A ACCTAATGCCACAC 43 39P
TGGCAATTG single-copy, AGATTCCACCCAAG
CATACAGTGCT 185 39R unidentified GATGGACGAGCTG
GACAGGGTC CCCAAGTAC
CAGGGCCTTTT 186 40F OTU LT1Al, N/A TTCAGAAAAGAAG 44 40P
CAGGTCTTG multi-copy, TGTCGTCCCGATCG
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Eukaryotic probes and primer pairs used for multiplex PCR

Eukaryotic SEQ GenBank SEQ
primer sequence ID PCR Accession Probe Sequence ID ©Oligo
(5'-3") NO: No. Template No. (5'-3") NO: No
CACAAGGTGC 187 40R unidentified CACTACCGTAAGGC
CAACAGAGTC GGCAAGCGT
AACAATGTCTG 188 41F OTU LT1A38, N/A AATGCCGCTGGTCA 45 41P
GCCCTACGG multi-copy, CACGGAAGAAAGA
GTAAACAACG 189 41R unidentified AGCCGACCAAACA
CCCACCGATC GTGCGACTTG
GAGGGCAAGT 190 42F All LT1A & N/A N/A
CTGGTGCCAG LT3A OTUs
TABLE 4
Prokarvotic probes and primer pairs used for multiplex PCR

Prokaryotic SEQ GenBank SEQ
primer Sequence iD PCR Accession  Prokaryotic probe ID Oligo
(5'-3") NO: No Template No. Sequence (5'-3') NO: No
CGAATGGATT 191 43F Bacillus ABl16124 GTGACAGCCGAA 46 43P
AAGAGCTTGC anthracis strain: GCCGCCTTTCAAT
TGCCAGCTTAT 192 43R S51 TTCGAACCATGC
TCAACTAGC GGTTCAAAATGT

T
GAACGTACCA 193 44F Brucella AF220149 CCAACGCGGGCC 47 44p
TTTGCTACGG melitensis GATCATTTGCCG
ACCGTCATTAT 194 44R ATAAATCTTTCCC
CTTCACCGG CCGAAGGGCACA

T
ACGGGCTTCG 195 45F Burkholderia AY305760 AGGCCCGAAGGT 48 45Pp
GCCTGGTG mallei strain CCCCCGCTTTCAT
TCCGGGTATTA 196 45R 2000031063 CCTCAGATCGTAT
GCCAGAATG GCGGTATTAATC
GCTTGCTAGAA 197 46F Campylobacter AF550630 TCCTACACCGAA 49 46P
GTGGATTAG jejuni strain AAACTTTCCCTAC
CGTCAGAATTC 198 46R B99/206 TCAACTTGTGTTA
TTCCCTAAG AGCAGGAGTATA
TTTAGTGGCGG 199 47F Chlamydophila AY334530 GGTCCGAAGATC 50 47P
AAGGGTTAG psittaci clone CCCTTCTTTAATA
ATCTCTCTTAT 200 47R cvCps2 TGTTTTAGATGCC
TCCCAAGCG TAAACATACCAC
AAGCTTCCTTC 201 48F Clostridium AY303799 CGCCGCGGGTCC 51 48P
GGGAAGTGG botulinum strain ATCTCAAAGCAA
GGTACCGTCAT 202 48R AIP 355.02 TAAATCTTTGATA
TATCGTCC AGAAAATCATGC

G
ATAACCTGGG 203 49F Coxiella burnetii Y11502 TCATCTTATAGCA 52 49P
GAAACTCGGG strain Nine Mile CGAGGTCCGAAG
CCAAGGATATT 204 49R ATCCCCCGCTTTG
ACCCTTGAG CTCCAAAGAGAT
AGAAGCTTGCT 205 S50F Escherichia coli AB035920 ACATCCGATGGC 53 50P
TCTTTGCTG O157:H7 AAGAGGCCCGAA
TTCCTCCCCGC 206 50R GGTCCCCCTCTTT
TGAAAGTAC GGTCTTGCGACG

T
CAATTCTGGGA 207 S51F Escherichia coli NC 002655 CAATTCTGGGAA 54 51P
AGCGTGG O157:H7 GCGTGGCATTAA
CGATGCATGAT 208 51R EDL933 TACTGAATTGTCA
GATGACA TCATCATGCATCG
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TABLE 4-continued

Prokarvotic probes and primer pairs used for multiplex PCR

Prokaryotic SEQ GenBank SEQ
primer Sequence iD PCR Accession  Prokaryotic probe ID Oligo
(5'-3") NO: No. Template No. Sequence (5'-3') NO: No.
N/A Escherichia coli NC 002655 GGTTGATGAAARA 55 52P
0157:H7 AGCATTTGGAGC
EDL933 CGCGARATTTAC
CAGTGTCTTAAA
AC
N/A Escherichia coli NC 002655 TGTCCGATTCAGC 56 53P
0157:H7 ACGGGTAAATAG
EDL933 TCGTATTGTTAGT
GGCCGAATTTAA
N/A Escherichia coli NC 002655 TTGCTGGAGAGT 57 54P
0157:H7 CCTTCTCGGGTAT
EDL933 CGATTGTCGAAG
ATAAACATATTT
A
GTGGTGGATTA 209 55F Esgcherichia coli NC 002655 GTGGTGGATTAC 58 55P
CGCCATG 0157:H7 GCCATGACATGG
GCTATTACTCC 210 55R EDL933 GAGGATTAACGG
CCCCCGT GGGGGAGTAATA
GC
TCTGGAGTATC 211 56F Escherichia coli NC 002655 TCTGGAGTATCA 59 56P
AAGCACT 0157:H7 AGCACTTATAAC
CCAGGAAGAG 212 56R EDL933 CTAATAACACAA
GGTTTTGT AACCCTCTTCCTG
G
GCCCTGACGTA 213 57F Escherichia coli NC 002655 GCCCTGACGTAT 60 57p
TGGCGGG 0157:H7 GGCGGGTACGAA
GTAATGGTCAC 214 57R EDL933 ATGAAGCCAGTG
CGTCACT ACGGTGACCATT
AC
N/A Escherichia coli NC 002655 ACTGGCGGGAAC 61 58P
0157:H7 ACATGAAAACGT
EDL933 AACCACGCTACC
AGTAGCCAGAAG
AR
N/A Escherichia coli NC 002655 CCATTAAAACTA 62 59P
0157:H7 ATGCCTGTCATA
EDL933 ATGGAGGGGGAT
TCAGCGAAGTTA
TT
AAGACATCTTC 215 60F Escherichia coli NC 000913 AAGACATCTTCA 63 60P
ACCGTTC Ki2 CCGTTCACGATAT
TCAGATTTCCC 216 60R TTTGAAAGCACG
CTCGTGC AGGGGAAATCTG
A
N/A Escherichia coli NC 000913 CACCGTCGCTTTA 64 61P
Ki2 AAACGCGCCCGG
TGGGAGAATCGT
CGTTGTACATTTA
N/A Escherichia coli NC 000913 TTTCTGATCGCGT 65 62P
Ki2 TGCTGCGCTGATC
AAAGAAGTAAAC
AAAGCAGCTTAA
ATGGCATCCGT 217 63F Escherichia coli NC 000913 ATGGCATCCGTG 66 63P
GGTATCC Ki2 GTATCCCGACTCT
CACTTCACCGT 218 63R GCTGCTGTTCAA
TTTTGAA AAACGGTGAAGT
G
AACAGCTTGCT 219 64F Shigella sonnei X96964 N/A
GTTTCGCTG
TTCCTCCCCGC 220 64R

TGAAAGTAC
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Prokarvotic probes and primer pairs used for multiplex PCR

Prokaryotic SEQ GenBank SEQ
primer Sequence iD PCR Accession  Prokaryotic probe ID Oligo
(5'-3") NO: No. Template No. Sequence (5'-3') NO: No.
CAGGTCTTAGG 221 65F Francisella AY243028 AGGCTCATCCAT 67 65P
ATGCTGACG tularensis strain CTGCGACACGCC
AAGGCTATTA 222 65R 3523 GAAAGCCACCTT
ACCTTGAGGC TAATCCACAGAT
AT
AGACTATCTAC 223 66F Legionella AJ496383 AATCCTTAAAAG 68 66P
TTCTGGTGC pneumophila TCGGTCGTAGTCC
ATACAGGTGCT 224 66R serogroup 6 GGATTGGAGTCT
GCATGGCTG GCAACTCGACTC
o
GAGTAGCAAT 225 67F Leptospira 212817 ATCTCCGAGCAA 69 67P
ACTCAGCGGC interrogans TAAATCTTTACCC
TACCATCATCA 226 67R GAAAAATCTTAT
CATTGCTGC GATCTCTCGGGA
o
GAGCTTGCTCC 227 68F Pseudomonas AB117953 TCATCTGATAGC 70 68P
TGGATTCAG aeruginosa GTGAGGTCCGAA
GTAACGTCAA 228 68R strain WatG GATCCCCCACTTT
AACAGCAAGG CTCCCTCAGGAC
G
AGTTAATTAGT 229 69F Rickettsia M21789 ATCTGACGCGGG 71 69P
GGCAGACGG prowazekii CCCATCCATCAG
ACTAAACCGC 230 69R CGATAAATCTTTC
CTACGCACTC CTCCGTAGAGAA
T
AGCTTGCTGCT 231 70F Salmonella 7249264 CTTGGTGAGCCG 72 70P
TTGCTGACG typhimurium TTACCTCACCAAC
TAACCACAAC 232 70R AAGCTAATCCCA
ACCTTCCTCC TCTGGGCACATCT
GAACTTGTTCC 233 71F Vibrio cholerae X76337 ATCCCACCTGGG 73 71P
TTGGGTGGC CECT 514 T CATATCCGGTAG
TTAACCACCTT 234 71R CGCAAGGCCCGA
CCTCCCTAC AGGTCCCCTGCTT
T
GTAGTTTACTA 235 72F Yersinia pestis AF366383 TCTGGGTTCATCC 74 72P
CTTTGCCGG GATGGCGTGAGG
GAGCGTATTA 236 72R CCCTAAGGTCCC
AACTCAACCC CCACTTTGCTCTT
GCAAAGTGGC 237 73F Arsenite- AF406554 TCAAGACCCACG 75 73P
CCTCTGATTC oxidizing GCTATTAACCGT
CCATAAATGA 238 73R bacterium AAGCTTTTCCTCC
ACCCAACGGC MLHE-1 CTGCTGAAAGTG
o
ACCGGATACA 239 74F Thiomicrospira U46506 GCCGGTGCTTATT 76 74P
CCTTCATACC sp. CVO CATATGCTACCGT
CCGCAATGAC 240 74R CATTTTCTTGACA
AAGCATCACG TATAAARAGGAG
ACGCTCCGATT 241 75F Desulfovibrio 724450 GTACCGTCAGAC 77 75P
TCACAGTTC longreachii CATGGCTGATTA
AAGTCCAGCA 242 75R GCACCATGGCGG
GTATCAAGGG TTCTTCCCTCCTG
A
TGGGTTTACCT 243 76F Bacillus AF064705 CAAGGTACCGCC 78 76P
AACACTACG arsenicoselenatis CTATTTGAACGGT
TAGAGTCGAG 244 76R ACTTGTTCTTCCC
TTACAGACCG TAGCAACAGAGC
ATCATGAGTTC 245 77F Uncultured AF233412 TATTCATAAGGT 79 77P
ACATGTCCG human fecal ACATACAAAACA
CAATCGGAGTT 246 77R bacterium HF74 CCACACGTGGCG
CTTCGTG AACTTTATTCCCT

T
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Prokarvotic probes and primer pairs used for multiplex PCR

Prokaryotic SEQ GenBank SEQ
primer Sequence iD PCR Accession  Prokaryotic probe ID Oligo
(5'-3") NO: No. Template No. Sequence (5'-3') NO: No.
ATCATGAGTTC 247 78F Uncultured AF233408 TATTCATAAAGT 80 78P
ACATGTCCG human fecal ACATGCAAACGG
CAATCGGAGTT 248 78R bacterium HF8 GTATGCATACCC
CTTCGTG GACTTTATTCCTT
T
GCCGTCTACTC 249 79F Uncultured AF233413 TATTCATACGGTA 81 79P
TTGGCC human fecal CATACAAAAAGG
CCTGCCTCTAC 250 79R bacterium HF10 CACACGTGCCTC
TGTACTC ACTTTATTCCCGT
ACGGGTGCTTG 251 80F Burkholderia AB091761 AGGCCCGAAGGT 82 80P
CACCTGG cepacia CCCCCGCTTTCAT
CGACTGTATTA 252 80R CCGTAGATCGTA
GAGCCAAGG TGCGGTATTAATC
GTTGGCCGATG 253 81F Burkholderia AF148556 CGGTACCGTCAT 83 81P
GCTGATTAG cepacia CCCCCGACTGTAT
TCTGCCATACT 254 81R genomovar III TAGAGCCAAGGA
CTAGCCTGC TTTCTTTCCGGAC
ACATGCAAGT 255 82F OTU LT3All, N/A AGCCGCAAGCTT 84 82P
CGTACGAGAG multi-copy, CTCTTTAGGCGG
ACACGTCATTT 256 82R identified as AAATCCATTTCAC
ATTCCTCCC Unidentified TCGAAAGCATAT
cyanobacterium G
clone LD27
ACGAACCTTCG 257 83F OTU LT1A53- N/A AGACGCGAGCTC 85 83P
GGTTAGTGG 3A9, multi-copy, ATCCTCAGGCGA
TCAAGTACCGT 258 83R identified as AATTCATTTCACC
CAGATCTTC Synechococcus TCTCGGCATATG
sp. G
AAAGGCCTAC 259 84F OTU LT1AS53, N/A CCATCGCAGTAA 86 84P
CAAGGCTTCG multi-copy, TGGAGTTAAGCT
GGCACTCTCTC 260 84R identified as CCACGCTTTGAC
GTTTCCAAG Synechococcus GACAGACTTAAA
sp. LBG2 AG
ARAAGGCTTAC 261 85F OTU LT3A9, N/A CCATCGCTGAAA 87 85P
CAAGGCATTG multi-copy, TGGAGTTGAGCT
CCTCCGGTTTC 262 85R identified as CCACGCTTTAAC
CCAGAG Synechococcus GACAGACTTGTA
sp. LBP1 AR
GTAACAGGTCT 263 86F OTU TL1A7, N/A CGCTCTAGTAGC 88 86P
TTCGGGATG multi-copy, ACAAGGCCCGAA
CAAGACTTTTC 264 86R identified as GGTCCCCTGCTTT
GTTCCGTAC Uncultured beta CATCCATAGATCT
proteobacterium
clone OS1L-16
TCTTTCACCGG 265 87F OTU TL1A9, N/A TCAGTGACGCAA 89 87P
AGCTTGCTC multi-copy, AAGCGCCTTTCA
CTCTCATCCTT 266 87R identified as ACTTTCTTCCATG
GTTCTTCTC Enterococcusg CGGAARATAGTG
gallinarum strain T
LMG 13129
ACGGTCGCGT 267 88F OTU LT1A31, N/A TCCTGAAGCGAT 90 88P
AACACGTAAG multi-copy, AAATCTTTAGAC
CGTCAAATTTC 268 88R identified as ACAAGTCGATGC
TTCCCACTC Uncultured CGACTCGTGACC
Crater Lake AC
bacterium
CL500-18
ATGAAGCTACT 269 89F OTU CL1Al5, N/A AGGTCATCTTCA 91 89P
TCGGTAGTG single-copy, ACCGAAAAACTT
TGTAGGTACCG 270 89R identified as TCCAGCCCCGAT
TCACTTTCG Uncultured CATGCGATCAGA
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Prokarvotic probes and primer pairs used for multiplex PCR

Prokaryotic SEQ GenBank SEQ
primer Sequence iD PCR Accession  Prokaryotic probe ID Oligo
(5'-3") NO: No. Template No. Sequence (5'-3') NO: No.
Crater Lake GC
bacterium CLO-
27
ATGAAGCACC 271 90F OTU LT1A54, N/A TCATCTTCAACCG 92 90P
TTCGGGTGTG multi-copy, AAAAACTTTCCA
TGCAGGTACC 272 90R identified as AACCCGCGGATG
GTCACTTTCG Uncultured CCCGCAGGTTTC
Crater Lake A
bacterium
CLO-64
GATCTTTGATC 273 91F OTU LT1A55, N/A CAGACGCGAGCT 93 91P
TTAGTGGCG multi-copy, CTTCCTAAGGTG
TCAAGTACCGT 274 91R identified as GATAAATCCTTTT
CAGAACTTC Uncultured ACCTCTCGGCGT
freshwater A
bacterium
LCK-26
AACGTACCCA 275 92F OTU CL1A9, N/A GGCCGCTCCAGG 94 92P
AGAGTGGG multi-copy, AGCACGAGGTCT
AAGGATATTA 276 92R identified as TGCGATCCCCCG
GCCTCTACCG Zoogloea CTTTCATCCTTAG
ramigera A
TGAAGTTCCTT 277 93F OTU LT1A27, N/A ATCTTTCATCAAA 95 93P
CGGGAATGG multi-copy, ATTTTTTCCCGGC
TTCTTCCCTAC 278 93R identified as TCGGCGATGCCG
TGAAAGAGG Uncultured CCAAGACGGAGT
actinomycete
clone SFD1-39
CTCATCAGCAA 279 94F OTU LT1A46, N/A TCATGTAAGCCG 96 94P
TGGTGGGAG multi-copy, CTCCTCCGGCGG
TCAACTCCGGA 280 94R identified as AATCACACCTTTG
GGAGAACC Uncultured CTCCGCAGAGTT
planctomycete C
clone CYOARA-
031E04
GGCAGCACGG 281 95F OTU TL1Al, N/A TATTCTTAAAGCG 97 95P
TCTAGTTTAC multi-copy, CCAGGCCTTGCG
TCAAATCCTCC 282 95R unidentified GTCCCCAGCTTTT
TCCCCACTG CTCCTCAGAGAT
GTCAGACTTCG 283 96F OTU TL1A2, N/A CTCCATCAGCGC 98 96P
GTCTGATTG multi-copy, CCTTGCGAGCTTT
GGTACTTCTTC 284 96R unidentified CATCCCTTCTGCG
CCGAGCAAC ACGAAGGGATCG
ATGTAGCAAT 285 97F OTU TL1A6, N/A GGGGCACGGGCT 99 97P
ACAGGACAGC single-copy, CATCTTGGGGCG
CGTACATTTGA 286 97R unidentified GAATCACACCTTT
TTCCCTACG GGTCCGCAAACA
T
ATGAAGCTGG 287 98F OTU CL1A2, N/A TCCTTGACCAAA 100 98P
AGCTTGCTCC multi-copy, ATTCTTTCCACGC
GCGAGCTCATC 288 98R unidentified CCGTGGGATGCC
CTTGACC CCAAGGCGTCGT
A
ACGGGAGCAA 289 99F OTU CL1AlO0, N/A TGATATCGGCCG 101 99P
TCCTGGTG multi-copy, CTCCAATCGCGC
CCACTGTATTA 290 99R unidentified GAGGTCTTGCGA
GAGCAGACC TCCCCCGCTTTCA
T
ACGGCTTCGGC 291 100F OTU LT2A3, N/A GCTCTTGCGAGCT 102 100P
CTAGTAAAG multi-copy, CCCTTTCCCGAAA
AGGGCTGTTCA 292 100R unidentified AACTCCTTACGA
CCCTAATGG GTTCCGTCGCTC
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Prokaryotic probes and primer pairs used for multiplex PCR

Prokaryotic SEQ GenBank SEQ
primer Sequence iD PCR Accession  Prokaryotic probe ID Oligo
(5'-3") NO: No Template No. Sequence (5'-3') NO: No
TTAACTTAAGT 293 101F OTU LT2Al12, N/A AGACGCGAGCTT 103 101Pp
GGCGGACGG multi-copy, CTCTTTAGGCGG
GGTACACGTC 294 101R unidentified ATTACTCCATTTC
GTTTTATTCC ACTCGGAAGCAT
A
TAACGCGGGG 295 102F OTU LT2Al6, N/A CGCTCCAATAGC 104 102P
CAACCTGG multi-copy, GAGAGGTCTTGC
GGGTATTAGCC 296 102R unidentified GATCCCCCCCTTT
CAGAGCG CACCCGAAGGTC
G
AGAGTTTGATC 297 103F, OTU LT1AlS5, N/A CGGTCCCAGCCTT 105 103P
CTGGCTCAG 298 103F, single-copy, TCCAGTAATCTCT
ACGGAGGTAG unidentified CTCTAGACTACTG
CAATACCTTA CTTACGACGTA
GTGCTTCTTCT 299 103R
TCCGGTACC
TTCGGTTATGT 300 104F OTU LT1Alé6, N/A TAATCCTAAAGC 106 104P
TGATGGCGA multi-copy, GCCAGGCCTTGC
TCGGGTAACGT 301 104R unidentified GGTCCCCAGCTTT
CAATAAACC CCTCCTAAGAGA
T
AACCCCGGTG 302 105F, OTU LT1AlS8, N/A GTCCCCCGCTTTC 107 105P
GCGAGTGG 303 105F, multi-copy, ATCCATAGATCG
AACCCTGGTG unidentified TATGCGGTATTA
GCGAGTGG GCGTAACTTTCGC
TTCTTACGGTA 304 105R
CCGTCATG
GAGCGATGAA 305 106F OTU LT3A1, N/A CAATATTCGGTAT 108 106P
GTTTCTTCGG single-copy, TAGCACCGGTTTC
AGCCGGTGCTT 306 106R unidentified CCGGTGTTATCCC
CTTTTGTAG AAAGTGGAGGG
GGTAACAGGT 307 107F OTU LT3A2, N/A AGGTCTTGCGAT 109 107P
TAAGCTGACG multi-copy, CCCCCCCTTTCAC
CAGAGTATTA 308 107R unidentified CCGTAGGTCGTA
ATCCGAAGCG TGCGGTATTAATC
GGTCTAGTTTA 309 108F OTU LT3A7, N/A CAGCTTTTCTCCT 110 108P
CTAGATGGG multi-copy, CAGAGATTACGC
TTCTTCTGTGG 310 108R unidentified GGTATTAGCCTG
GTAACGTCC AGTTTCCCCAGGT
CATCGGAACG 311 109F OTU LTI1A35, N/A CTTTCCCCCTCAG 111 109P
TACCTTATCG multi-copy, GGCGTATGCGGT
CGCAGTCTGTG 312 109R unidentified ATTAGCGCAACT
TTAGAGCTG TTCGCTGCGTTAT
CGTGAGAATCT 313 110F OTU LT1A55, N/A CAGACGCGAGCT 112 110P
ACCCTTAGG multi-copy, CTTCCTAAGGTG
GCTTGCATCCT 314 110R unidentified GATAGATCCTTTT
CTGTATTAC ACCTCTCGGCAT
A
TGTCGTCAGCT 315 111F Control 1372 N/A TGACGGGCGGTG 113 111Pp
CGTGTCG TGTACAAGGCCC
AAGGAGGTGA 316 111R G

TCCAGCCG
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Prokaryotic mercury probes and primer pairs used for multiplex PCR

16S Sedquence SEQ ID

D PCR Primer (5' to 3') 60-mer Probe NO: OTU
16S OTU GTCACCAGTTTTACCCTAGG 341 Hg 1
77 + 80.8_For

16S OTU AACTGCCGTCGTAAGACGTG 342 Hg 1
77 + 80.8 Rev

16S OTU AGTCATCGGCCACACCGTGG 343 Hg 2
80.8_20 For

16S OTU AACTCTAAGGAGACTGCCGG 344 Hg 2
80.8_20 Rev

16S OTU CCTAGTTACCAGTTTTACCC 345 Hg 3
80.8_26 For

16S OTU AAGACTGCCAGTGCAAACTG 346 Hg 3
80.8_26 Rev

16S OTU ACGAACCCTGCCGTGGTAAT 347 Hg 4
80.8_2 For

16S OTU ATAAAGCCAGTCGTAGTCCG 348 Hg 4
80.8_2 Rev

16S OTU ACTTCATCCCAGTTACCAGC 349 Hg 5
80.8_4 For

16S OTU ACAATGAGAACCGATGCCGC 350 Hg 5
80.8_4 Rev

16S OTU TCACCAGTTTTACCCTAGGCGGCTCCTTAC- 329 Hg 1
77 + 80.8 GGTTACCGACTTTAGGTACACCCGGCTTCC

16S OTU GGAAGCCGGGTGTACCTAAAGTCGGTAACC- 330 Hg 1
77 + 80.8 rc GTAAGGAGCCGCCTAGGGTAAAACTGGTGA

16S OTU TCGGCCACACCGTGGCAAGCGCCCCCCTTG- 331 Hg 2
80.8_20 CGGTTAAGCTACCTGCTTCTGGTGCAACAA

16S OTU TTGTTGCACCAGAAGCAGGTAGCTTAACCG- 332 Hg 2
80.8_20 rc CAAGGGGGGCGCTTGCCACGGTGTGGCCGA

16S OTU CTAGTTACCAGTTTTACCCTAGGCAGCTCC- 333 Hg 3
80.8_26 TTGCGGTCACCGACTTCAGGCACCCCCAGC

16S OTU GCTGGGGGTGCCTGAAGTCGGTGACCGCAA- 334 Hg 3
80.8_26 rc GGAGCTGCCTAGGGTAAAACTGGTAACTAG

16S OTU GAACCCTGCCGTGGTAATCGCCCTCCTTGC - 335 Hg 4
80.8_2 GGTTAGGCTAACTACTTCTGGCAGAACCCG

16S OTU CGGGTTCTGCCAGAAGTAGTTAGCCTAACC- 336 Hg 4
80.8_2 rc GCAAGGAGGGCGATTACCACGGCAGGGTTC

16S OTU ACCAGCCTTACCTTAGGACGCTGCCCCCTT- 337 Hg 5
80.8_4a GCGGTTGGCGTGCATACTTCGGGTGCGACC

16S OTU GGTCGCACCCGAAGTATGCACGCCAACCGC- 338 Hg 5
80.8_4a rc AAGGGGGCAGCGTCCTAAGGTAAGGCTGGT

16S OTU ACCAGCCTTACCTTAGGACGCTGCCCCCTT- 339 Hg 5
80.8_4b GCGGTTGGCGCGCATACTTCGGGTGCGACC

16S OTU GGTCGCACCCGAAGTATGCGCGCCAACCGC- 340 Hg 5

80.8_4b rc

AAGGGGGCAGCGTCCTAAGGTAAGGCTGGT
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Eukaryotic mercur

probes and primer pairs used for multiplex PCR

18S Sedquence SEQ ID

D PCR Primer (5' to 3') 60-mer Probe NO: OTU
185 OTU GCCATGCATGTCTAAGTATA 371 Hg 6
80.8_2 For

185 OTU TACACTACCGTCGAAAGCTG 372 Hg 6
80.8_2 Rev

185 OTU GTACACACTCTAGCAAAGTG 373 Hg 7
80.8_20 For

185 OTU ACCATGGTAGGCATATCACC 374 Hg 7
80.8_20 Rev

185 OTU CTAAGCATAGCTGGTGACAG 375 Hg 8
77_54 For

185 OTU AGGCACATAAACTACCATCG 376 Hg 8
77_54 Rev

185 OTU TGCAAGCATGCGCTGAAGTA 377 Hg 9
80.8_34 For

185 OTU ATGCATCGCCAGTGCTAGAC 378 Hg 9
80.8_34 Rev

185 OTU CATATGCTTTCCTCCTGGAG 379 Hg 10
77_6 For

185 OTU GTGATCGACTTGGTAGTCCA 380 Hg 10
77_6 Rev

185 OTU TGCATGTCTAAGCACATGCC 381 Hg 11
77_73 For

185 OTU ACCATGGTAGGCGTATAACC 382 Hg 11
77_73 Rev

185 OTU GATAGTCCCTTACTACTTGG 383 Hg 12
GL_59 For

185 OTU AATTGCCAGACCTAAGAAGG 384 Hg 12
GL_59 Rev

185 OTU GCTCATTACAACAGCCATAG 385 Hg 13
GL_8 For

185 OTU TCGAGACCGTGCGATCTGCA 386 Hg 13
GL_8 Rev

185 OTU GTATAAGCAATTATACCGTG 387 Hg 14
80.8_66 For

185 OTU TTACAAGACCCAAAAGAGCC 388 Hg 14
80.8_66 Rev

185 OTU CAACTCTCGCGGGGAGGGATGTATTTATTA- 351 Hg 6
80.8_2 GATAAAAAACCAATGCGGGTTCTGCTCGCC

185 OTU GGCGAGCAGAACCCGCATTGGTTTTTTATC- 352 Hg 6
80.8_2 rc TAATAAATACATCCCTCCCCGCGAGAGTTG

185 OTU ACTTTACGAAGGGGCGCTTTTATTAGATCA- 353 Hg 7
80.8_20 AAATCAATCAGGAGCAATCCTGTTTTTGTG

185 OTU CACAAAAACAGGATTGCTCCTGATTGATTT - 354 Hg 7
80.8_20 rc TGATCTAATAAAAGCGCCCCTTCGTAAAGT

185 OTU GACCCGACGCAAGGACGGTCGCATTTATTA- 355 Hg 8
77_54 GAACAAAGCCATCCGGTCCCCGGGACCGTA

185 OTU TACGGTCCCGGGGACCGGATGGCTTTGTTC- 356 Hg 8
77_54 rc TAATAAATGCGACCGTCCTTGCGTCGGGTC

185 OTU TGCGGGACGAGCGCATTTATTAGAACAAAA- 357 Hg 9

80.8_34

CCATCCGGACTCTCGCGAGTCCGTTGCTGG
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Eukaryotic mercury probes and primer pairs used for multiplex PCR
18S Sedquence SEQ ID
D PCR Primer (5' to 3') 60-mer Probe NO: OTU
185 OTU CCAGCAACGGACTCGCGAGAGTCCGGATGG- 358 Hg 9
80.8_34 rc TTTTGTTCTAATAAATGCGCTCGTCCCGCA
185 OTU CATTTTGGGAAACTATGGCTAATACATGCT - 359 Hg 10
77_6 TACAGACCTTCGGGTTGTATTTATTAGTTT
185 OTU AAACTAATAAATACAACCCGAAGGTCTGTA- 360 Hg 10
77_6 rc AGCATGTATTAGCCATAGTTTCCCAAAATG
185 OTU GACCTTCGGAAAGAGCGCATTTATTAGACC- 361 Hg 11
77_73 AAAACCAGTCGAGTTTCGGCTTGTTTGTTG
185 OTU CAACAAACAAGCCGAAACTCGACTGGTTTT - 362 Hg 11
77_73 rc GGTCTAATAAATGCGCTCTTTCCGAAGGTC
185 OTU CAATACCCTTCTGGGGTAGTATTTATTAGA- 363 Hg 12
GL_59 AAGAAACCAACCCCTTCGGGGTGATGTGGT
185 OTU ACCACATCACCCCGAAGGGGTTGGTTTCTT- 364 Hg 12
GL_59 rc TCTAATAAATACTACCCCAGAAGGGTATTG
185 OTU ACGAACGAGCGCATTTATTAGAGCAAAACC- 365 Hg 13
GL_8 AATCAGGTTTCGGCCTGTCTTTTGGTGAAT
185 OTU ATTCACCAAAAGACAGGCCGAAACCTGATT- 366 Hg 13
GL_8 rc GGTTTTGCTCTAATAAATGCGCTCGTTCGT
185 OTU CCCCGACTTCGGAAGGGGTGTATTTATTAG- 367 Hg 14
80.8_66a ATAAAAAACCAATGCCCTTCGGGGCTACTT
185 OTU AAGTAGCCCCGAAGGGCATTGGTTTTTTAT - 368 Hg 14
80.8_66a rc CTAATAAATACACCCCTTCCGAAGTCGGGG
185 OTU CCCCAACTTCGGGAGGGGTGTATTTATTAG- 369 Hg 14
80.8_66b ATAAAAAACCAACGCCCTTCGGGGCTTCTT
185 OTU AAGAAGCCCCGAAGGGCGTTGGTTTTTTAT - 370 Hg 14

80.8_66b rc

CTAATAAATACACCCCTCCCGAAGTTGGGG

The PCR products in each reaction mixture (e.g., 16S
rDNA and 18S rDNA) may be generated from dNTPs which
contain a mixture of dATP, dGTP, dCTP, dTTP, and amino
allyl-dUTP. The labeling step may employ dye incorporation
resulting from a coupling reaction between a cyanine (Cy)
and the PCR product. The pools of labeled PCR products may
be hybridized with the array, whose immobilized oligonucle-
otides specify 50-mer sequences that are complementary to at
least some of the individual rDNA sequences amplified from
each sample. In some cases, the experiment may be replicated
by performing a second “dye swap” experiment to minimize
any false signals due to differential incorporation ofthe dye in
the amplification products.

Also, probes that target taxa at different hierarchical levels
may be included in the array in order to optimize detection of
desired bioindicator organisms. For example, in addition to
developing PCR primers that are specific to a single species,
primers that are capable of detecting several species in a
particular genus may be developed (e.g., Oldach, D. W, etal.,
2000, Proc. Natl. Acad. Sci. U.S.4. 97:4303-4308). The more
generic primers may be used both as a confirmation that a
particular genus is present in any sample that tested positive
with the more specific primers, and as an indicator that poten-
tially unknown or undetected members of the genus are also
present.

For example, in one embodiment, bioindicators in Table 2
may be screened by real-time quantitative PCR to measure
the relative abundance of a subset of candidates across all
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samples. Thus, as described above, primer sequences may be
designed using nonconserved rDNA regions flanking the V2
region of SSU rDNA (Sogin and Gunderson, 1987) so that a
specific PCR product is generated. In these reactions, a fluo-
rescent dye (SYBR® Green 1) intercalates double-stranded
DNA as it accumulates over the course of the reaction, pro-
viding a real-time “signal” that indicates the quantity of PCR
product. The amount of starting rDNA template may be esti-
mated by comparing the rate of accumulation to that of a
known standard.

For the subset of bioindicators that appear to be most
promising based on abundance profiles as being significantly
more abundant in mercury-contaminated samples (e.g., Hg 1,
Hg 2, Hg3,Hg7,Hg 8, and Hg 9 of Table 2), PCR testing may
be performed to test for the presence and/or abundance of the
specific rDNA in both mercury-contaminated and uncon-
taminated samples. The utility of these potential bioindicators
may be established by demonstrating that the putative biom-
arkers are significantly (e.g., at least 2-fold, or 5-fold, or
10-fold or 20-fold) more abundant in the genomic DNA iso-
lated from at least one of the mercury-contaminated samples
than in the genomic DNA isolated from an uncontaminated
sample. In this way, the bioindicator can provide a readily
distinguishable level for purposes of microarray detection. In
addition, the rDNA levels of each candidate may be evaluated
in each of the samples to confirm that the selected bioindica-
tors are consistently more abundant in mercury-contaminated
samples.
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In an embodiment, a subset of the bioindicators (e.g., Hg 1
and Hg 3) may be consistently more abundant in the presence
of mercury and as such, are bioindicators of the presence or
absence of mercury. In an embodiment, a different subset of
the bioindicators may be consistently less abundant in the
presence of mercury without qualification and as such, are
bioindicators of the presence or absence of mercury. Or, there
may be markers that are more abundant in the absence of
mercury and so are bioindicators of the presence or absence of
mercury. Or, there may be markers that are less abundant in
the absence of mercury and so are bioindicators of the pres-
ence or absence of mercury. Additionally, there may be bio-
indicators that are sensitive to the same parameter (e.g., mer-
cury) but that are specific to an ecosystem. For example, for
the markers in Table 2, FL-WCA1 did not share any 16S
rDNAs with any other sample.

Although many rDNAs may not meet all criteria, candi-
dates (e.g., Hg 1-11 of Table 2) may be selected to develop a
pilot mercury bioindicator microarray. For each candidate, a
50-mer oligonucleotide probe may be derived from the V2
region that lies between the Q-PCR primer sites and checked
for uniqueness by aligning it with the other microarray probes
(e.g., probes in Tables 3 and 4). For added quality control,
redundancy may be built in by spotting a second 50-mer
probe, complementary to the first, for each candidate.

Amplification/labeling protocols as described herein may
then used to test the probe specificity of a single candidate
(e.g., Hg 1), by preparing a multiplex reaction containing a
solution of plasmid clones (diluted to 250 pg) corresponding
to multiple (e.g., Hg 1 and 46) primer sets (i.e., including the
same Hg 1 primers used in quantitative PCR. The other 45
primers may represent a diverse collection of rDNAs, includ-
ing sequences for the following: known pathogens (Gen-
Bank), bacteria involved in arsenic oxidation/reduction path-
ways, and relatively common microbial species, both known
and unknown, previously recovered from environmental
samples. In an embodiment, the resulting reaction product
only hybridizes at the appropriate locations on the microar-
ray, corresponding to the two Hg 1 probes (FIG. 13). In a
embodiment, a negative control reaction, prepared and car-
ried out under identical conditions but without the primers for
the bioindicator of interest results in no hybridization.
Together, these results may indicate that the Hg 1 primers and
probes are highly specific for the same rDNAs corresponding
to the Hg 1 OTU.

The collection of OTU-specific oligonucleotides (e.g.,
array) may provide a qualitative result and/or a quantitative
result. For example, as shown in FIG. 14, an array of prokary-
otic rDNA sequences and/or an array of eukaryotic rDNA
sequences may be probed using PCR amplified rDNA
sequences amplified from genomic DNA from a water sample
to provide qualitatively different patterns of hybridization.
For example, DNA from a water sample may be amplified
using prokaryotic specific primers and then labeled with a red
dye (CYS5) to provide a “red” prokaryotic probe (FIGS. 14A-
1) that recognizes prokaryotic sequences immobilized at des-
ignated positions on an array (FIG. 14B). Alternatively or
additionally, DNA from a water sample may be amplified
using eukaryotic specific primers and then labeled with a
green dye CY3)to provide a “green” eukaryotic probe (FIGS.
14A-2) that recognizes eukaryotic sequences immobilized at
designated positions on an array (FIG. 14B).

The collection of OTU-specific oligonucleotides (e.g.,
array) may also be used as a quantitative assessment tool, to
monitor the change in various microbes over time, or to
monitor the relative amounts of a microbe between two
samples that vary in location (e.g., for two different bodies of
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water, or two locations in one body of water) or time of
sampling (e.g., a single body of water sampled at two differ-
ent seasons). Referring now to FIG. 15, an array may be
probed with amplified DNA that corresponds to both 16S
(prokaryotic),DNA sequences and/or 18S (eukaryotic), DNA
sequences. To distinguish the two samples, amplification
from the first sample may be labeled with a first dye (e.g.,
CY3, green), whereas the amplification from the second
sample may be labeled with a second dye (e.g., CYS5, red). As
shown in FIG. 15A, the nucleic acids immobilized at a par-
ticular position (e.g., location or address) on the array, will
bind to a complementary nucleic acid probe that is labeled
either with the green dye (from the first sample), or the red dye
(from the second sample). Upon hybridization, if hybridiza-
tion is specific to probe from sample 1, a green spot will
result; if hybridization is specific to probe from sample 2, a
red spot will result; if hybridization occurs for probe mol-
ecules that are found in both samples, the color will vary
dependent upon relative abundance of the amplified probe,
and also the target, in each sample (FIGS. 15A and 15B). For
example, FIG. 15A shows a proposed hybridization pattern
for probes hybridized to an array where the top row is (from
left to right): 2 red/1 green; 3 red; 3 non-labeled probes; and
the bottom row is (from left to right): 3 non-labeled probes; 1
red/1 green/1 non-labeled; and 2 green/1 non-labeled. The
colors as shown in FIG. 15B are thus (left to right) for the top
row: orange, red, none; and for the bottom row: none, light
green, dark green. FIG. 15C shows the results for this type of
experiment for two lake samples amplified by PCR to gener-
ate either 16S probes (top panel) or 18S probes (bottom
panel). In an embodiment, there may be at least one position
per array for a known sequence that serves as a control to
allow for orientation of the array (e.g., green spots in lower
right hand position of each grid in FIG. 15C).

As described herein, the collection of OTU-specific oligo-
nucleotides (e.g., array) may also be used to determine how
chemical additions to water (e.g. mercury, cadmium, atrazine,
perchlorate) may change the microbial community, and/or to
detect known water pathogens. For example, a microarray of
the present invention may include 16S rDNA sequences from
several known pathogens. FIG. 16 shows results for such an
experiment, where multiplex PCR amplification and direct
labeling of cyanobacteria present in a water sample are
detected using cyanobacterial sequences on the array (Panel
17D).

In one embodiment, a plurality of oligonucleotides that are
isolated from known and unknown OTUs may be prepared.
As used herein, known OTUs comprise sequences that
are 297.5% identical to sequences that have been reported in
public databases, whereas unknown OTUs comprise
sequences that do not meet this criterion and are believed to
represent as yet unknown organisms. FIG. 17 shows an array
comprising 105 oligonucleotides isolated from predeter-
mined known and unknown freshwater lake OTUs probed
with amplified DNAs from two different lake samples, where
multiplex PCR reactions of each sample were identical and
products each reaction were either labeled with a red dye
(CYS) or a green dye (CY3), allowing comparison of
samples. Shown are results from a test of two lake samples
used to hybridize first singly (top panels) (left panel: green
probe, sample 1; right panel: red probe, sample 2) and then
together (bottom panel) to the same array of 105 oligonucle-
otide probes.

Such taxon-specific arrays may be used to detect microbes
that are known to be characteristic of a particular type of water
system. For example, in one embodiment, the collection of
OTU-specific oligonucleotides (e.g., array) may be formu-
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lated to detect microbes common to fresh water systems. Or,
the collection of OTU-specific oligonucleotides (e.g., array)
may be formulated to detect microbes common to marshlands
or small tidal pools. Or, the collection of OTU-specific oli-
gonucleotides (e.g., array) having nucleic acids derived from
estuary water samples may be used to analyze water from
various estuaries. The development of arrays that utilize
OTU-specific nucleotide sequences to monitor ecosystems is
described in more detail in the Examples, below.

EXAMPLES
Example 1
Materials and Methods

Sample Collection and DNA Extraction.

A. Freshwater Lakes—Set 1 (General Bioindicator Devel-
opment)

To develop probes for an array, three lakes were sampled:
Lake Townsend (LT) (Greensboro, N.C.); City Lake (CL)
(High Point, N.C.); and Toolik Lake (T L) (Alaska). Lake
Townsend and City Lake are temperate mesotrophic and
eutrophic municipal drinking water reservoirs, respectively.
Toolik Lake is a highly oligotrophic, glacial lake located in
the Arctic Long Term Ecological Research Site above the
Arctic Circle in Alaska (O’Brien, W. J., et al., 1997, The
Limnology of Toolik Lake, p. 61-106, In: Freshwaters of
Alaska—ecological syntheses, A. M. Milner and M. W.
Oswood (eds), Springer-Verlag Publishers, New York, N.Y.).

Five samples of surface water were collected: (1) LT-1J—
at an open water location in Lake Townsend (station 1),
depth=8.3 m, on Jun. 14, 2000; (2) LT-2J—at a shallow, near
shore location in Lake Townsend (station 2), depth=1.3 m, on
Jun. 14,2000; (3) LT-1M—at station 1 of Lake Townsend, on
Mar. 28, 2001; (4) CL—at an artificially aerated location in
City Lake near a subsurface water treatment system intake on
May 22,2001; and (5) TL—at a location near the main LTER
sampling station in Toolik Lake on Aug. 11, 2000. Each
sample (~100 ml) was drawn through GF/C and GF/F glass
fiber filters that were placed in cetyltrimethylammonium bro-
mide (CTAB) buffer for storage at room temperature until
later DNA extraction. Other lake samples, such as water
samples from lakes that may be diagnostic of deformities
found in members of the ecosystem may be used. For
example, tests have been conducted using a group of North
Dakota lakes that were paired according to geographical
proximity. Each pair of lakes includes one lake that has been
associated with a high level of frog deformities and one lake
that has not been associated with any known deformities in
frogs or any other organism. Samples from the lakes were
used to isolate DNA for array analysis to ascertain microbial
bioindicators associated with conditions leading to such
deformities.

B. Freshwater Lakes—Set 2 (Mercury Bioindicator Devel-
opment)

Freshwater sediments were sampled at three diverse sites
where mercury contamination has been documented for sev-
eral years. These locations included: (1) a hot spot for mer-
cury contamination in the Great Lakes (sampling arranged
via D. Wethington, EPA, Great Lakes National Program
Office); (2) a Florida Everglades site that is part of the EPA
National Atmospheric Deposition Network; and (3) the North
Fork of the Holston River (Saltville, Va.).

Specifically, the Great Lakes sample (GL-DRTC) was col-
lected from bottom sediment in the Trenton-Riverview Chan-
nel of the Detroit River (N 42° 11.226', W 83° 9.188") and the
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Everglades sample (FL-WCA1) was collected from an area
located within site WCAL. At two sites within the Holston
River, bottom sediments were taken when river flow was at
1.54 ft and 302 ft*/s: a reference (uncontaminated) sample at
river mile 94 (NFHR 94) and a mercury-contaminated sample
at river mi. 80.8 (NFHR 80.8). The third Holston River
sample, also mercury-contaminated, was collected from a
floodplain adjacent to the North Fork located at river mi. 77
(NFHR 77). River mi. 80.8 and 77 sites are located at distinct
mileage sites (77 and 80.8 miles from a preset location) along
the river. The site at river mi. 80.8, in particular, is believed to
be contaminated by mercury discharge from Pond 5 at river
mi. 81.8.

All samples were subjected to mercury analyses using
approved EPA testing methods. Prism Laboratories (Char-
lotte, N.C.) conducted total mercury (THg) analyses using
Method 7471, a cold-vapor atomic absorption method based
on the absorption of radiation (A=253.7 nm) by mercury
vapor. Brooks Rand Labs (Seattle, Wash.) provided monom-
ethyl mercury (MMHg) analyses in accordance with EPA
Method 1630. Based on these analyses, Hg was positively
identified in control sample NFHR 94, but the amount was
estimated to be 22 ng/g, which is between the reporting limit
and the minimum detection limit. MMHg in NFHR 94 was
measured at 0.075 ng/g. By comparison, THg levels were at
least 38 times greater in the other samples than in NFHR 94
(22 ng/g), except for FL-WCA1, which was below the mini-
mum detection limit. MMHg levels were at least 8.9 times
greater (NFHR 80.8) and up to 39 times greater (GL-DRTC)
than in NFHR 94 (0.075 ng/g). Thus, a total of four samples
were actually processed in the experiment (i.e., two Holston
River samples were used).

Isolation of Genomic DNA Genomic. DNA was extracted
from each water sample using a CTAB (cetyltrimethylammo-
nium bromide) buffer DNA isolation technique (Rublee, P.
A etal., 1999, Va. J. Sci., 50:325-335). Briefly, the glass fiber
filter was macerated in 2 ml CTAB in a 15 ml polypropylene
conical tube using a sterile wooden applicator stick. After
heating for 1 hr at 65° C., the mixture was extracted with 2 ml
24:1 (v/v) chloroform-isoamyl alcohol, and the DNA isolated
from the aqueous portion by precipitation with 0.7 volumes
100% 2-propanol. The precipitate was pelleted, air-dried, and
the DNA rehydrated in 25 pl TE buffer (pH 7.4) and stored at
-20° C. For extraction from water suspected to have mercury
contamination, genomic DNA was extracted from each river
bottom (e.g., sediment) or flood plain (e.g., sediment/soil)
sample using a DNA isolation kit (MO BIO POWERMAX
SOIL DNA ISOLATION KIT) according to the manufactur-
er’s instructions.

PCR amplification of genomic DNA from water samples
for cloning rDNAs. SSU rDNA was amplified by PCR using
prokaryotic-specific and eukaryotic-specific forward and
reverse primers in 50 pl reactions (Table 1). Using the appro-
priate primer pairs, separate reactions were prepared for 16S
rDNA and 18S rDNA. The amplification reactions consisted
of: 5 ul 10xPCR Buffer; 5 ]l PROMEGA 25 mM MgCl,; 5 ul
100 mM BSA; 2.5 p. 116 mM dNTP stock (4 mM each of
dATP, dCTP, dGTP and dTTP); 1 pl each of 10 uM forward
and reverse primers; 1 U Taq DNA Polymerase; 30.2 ul sterile
deionized H,O; and 1 pl genomic DNA. An MJRESEARCH
PTC-100 Programmable Thermal Controller was used to
amplify samples under the following conditions: 2 min initial
denaturation at 94° C.; 30 cycles of 1 min denaturation at 94°
C.; 1 minannealing at 56° C. for 16S primers or 58° C. for 18S
primers; and 2 min extension at 72° C.; 5 min final extension
at 72° C. PCR products were verified by gel electrophoresis.
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Cloning and sequencing of amplified PCR products. Puri-
fied PCR products were subcloned in plasmid vectors using a
cloning kit (INVITROGEN TOPO TA CLONING KIT)
according to the manufacturer’s protocol. Ligation reaction
mixtures were then used to transform TOP 10 Chemically
Competent E. coli cells and recombinant plasmids were iden-
tified by growth of bacterial colonies on LB agar plates con-
taining 50 pg/ml ampicillin. Individual colonies from each
plating were inoculated into LB liquid medium containing 50
ng/ml ampicillin and grown overnight with antibiotic selec-
tion. Inserts were purified from cultures using a miniprep kit
(QIAGEN QIAPREP SPIN MINIPREP KIT) according to
the manufacturer’s protocol. After removal of the insert, gel
electrophoresis was used to verify the presence of a DNA
fragment corresponding in size to 16S rDNA or 18S rDNA.

Fifty verified clones from each library were sequenced
using a DNA Analysis System (MEGABACE 1000) utilizing
capillary electrophoresis. Sequencing reactions were pre-
pared using a sequencing kit (DYENAMIC™ ET DYE TER-
MINATOR CYCLE SEQUENCING KIT; MEGABACE™)
according to the manufacturer’s protocol provided. Sequenc-
ing reactions included: DYENAMIC ET Dye Terminator Pre-
mix; M13-20 forward and reverse primers; purified DNA
template—either cloned 16S rDNA or 18S rDNA; and sterile
deionized H,O. Using an MJ RESEARCH PTC-100 Pro-
grammable Thermal Controller, reactions were amplified by
PCR using the following conditions: 25-30 cycles of the
following: 20 sec denaturation at 95° C., 15 sec annealing at
50-51° C., and 1-2 min extension at 60° C. After amplifica-
tion, post reaction clean-up steps are performed according to
the manufacturer’s protocol. During electrophoresis, reaction
products are separated by size and detected using a fluores-
cence-based system. Sequencing of each clone resulted in
sequence read lengths ranging from 400-700 by for each
clone.

Sequence Alignments and Community Analyses. The
sequences were submitted to the National Center for Biotech-
nology Information website for BLAST analysis (Altschul, S.
F., et al., 1990, J. Mol. Biol., 215:403410). Sequence align-
ments and analyses were performed using the BioEdit
Sequence Alignment Editor and Analysis software (version
5.0.9; Department of Microbiology, North Carolina State
University, available on-line), which includes CLUSTAL W
as an accessory application for multiple alignments. Libraries
were compared in pairwise fashion by combining and align-
ing two libraries at atime (100 sequences of 16S rDNA or 18S
rDNA).

Taxonomic classifications were based on identity matrices
generated using an analysis tool incorporated into the BIO-
EDIT sequence editor. Sequences having identity scores of
0.975 or greater were considered to be sufficiently similar to
group them into the same operational taxonomic unit (OTU).
After grouping clones into OTUs, several diversity indices
were calculated for each library. These included: (1) species
richness, or total number of OTUs; (2) Simpson’s dominance
index, used to describe the distribution of clones among
OTUs, or evenness; and (3) the Shannon-Wiener index, which
serves as a statistical measure of the probability of correctly
guessing the OTU identity of a randomly selected clone
(Colinvaux, P. 1993. Ecology 2. John Wiley & Sons, Inc.,
New York, U.S.A). In addition, Sorensen coefficients
(Lemke, M. 1, et al., 1997, Microb. Ecol., 34:224-231) were
calculated to measure the similarity in species composition
between two communities, or the proportion of OTUs shared
between two libraries.

Also total species richness (S) can be estimated using four
methods based on the distribution of OTUs within a library.
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These include: S_,,, an estimate based on “coverage” (Finlay,
B. 1., 2002, Science, 296:1061-1063; Giovannoni, S. J., etal.,
1990, Nature, 345:60-63); S,,, ..., an estimate based on rarefac-
tion analysis (Haldeman, D. L., et al, 1994, Appl. Environ.
Microbiol., 60:2697-2703; Methe, B. A., and J. P. Zehr, 1999,
Hydrobiologia, 401:77-96), which can be performed using
the program ANALYTIC RAREFACTION (version 1.3;
Stratigraphy Lab, University of Georgia, available on-line);
and S, zand S, ;, two estimates that can be evaluated using
a form processor and spreadsheet available through a web-
based interface (Kemp and Aller, 2004, Limnol., Oceanogr.
Methods, 2:114-125).

Phylogenetic analyses can be conducted to assess molecu-
lar evolutionary relationships using MEGA software (version
2.1; Molecular Evolutionary Genetics Analysis, available on-
line). All phylogenetic analyses are sensitive to alignment
methods, assumptions regarding mutational rates, and the
types and amount of sequence data used (Troesch, A., et al.,
1999, J. Clin. Microbiol., 37:49-55.). Trees may be con-
structed using the Unweighted Pair-Group Method with
Arithmetic Mean (UPGMA) and distances were estimated
according to the Kimura 2-parameter model for nucleotide
exchange with a transition/transversion ratio of 2.0 (Hurlbert,
S. H., 1971, Ecology 52:577-586).

Real-time Quantitative PCR. Real-time Quantitative PCR
(Q-PCR) experiments were performed to analyze the relative
abundance of the prospective 16S rDNA OTUs and 18S
rDNA OTUs from both sets of water samples (i.e., set 1 and
set 2 above) using a CEPHEID SMART CYCLER Cycler
system. The presence and accumulation of fluorescence
bound to each target OTU was measured directly and com-
pared among LT-1J; L'T-1M and CL. For samples from eco-
systems believed to contain mercury, PCR was used to mea-
sure the relative abundance of 6 candidate mercury
bioindicators (Hg 1, Hg2, Hg 3, Hg 7, Hg 8, and Hg 9 of Table
2) across all samples. For each of these candidates, reactions
were prepared to test for the presence and/or abundance ofthe
specific bioindicator rDNA in both mercury-contaminated
and uncontaminated samples.

For samples in set 1, individual 25 pl reactions included:
2.5 ul TAKARA 10xEX TAQ Taq Buffer; 1.25 ul TAKARA
dNTP Mixture (2.5 mM each); 1.25 pl SYBR® Green |
nucleic acid gel stain (10x); 0.25 ul TAKARA EX TAQ™ Taq
polymerase; 1 ul OTU-specific forward and reverse primers
(10 uM each); 16.75 pl sterile deionized H,O; and 1 pl experi-
mental template (genomic DNA sample -0.025 pg/ul), posi-
tive control (mixed clone standard -25 pg/ul each), or nega-
tive control (sterile deionized H,O). The mixed clone
standard was prepared by combining three clones represent-
ing three experimental samples used in the experiment (i.e.,
genomic DNA samples from three different OTUs). Relative
abundance estimates can be calculated using a 1:10 dilution
series of the mixed clone standard to determine cycle number
differences between e.g., 25 pg, 2.5 pg, 0.25 pg, and 0.025 pg
template concentrations.

For samples in set 2 (e.g., samples from lakes believed to
contain mercury), individual 25 pl reactions included: 2.5 pl
TAKARA 10xEX TAQ Taq Buffer; 1.25 pl TAKARA dNTP
Mixture (2.5 mM each); 1.25 nl SYBR® Green I nucleic acid
gel stain (10x); 0.25 ul TAKARA EX TAQ™ Taq poly-
merase; 1 pl OTU-specific forward and reverse primers (10
UM each) derived from candidate mercury bioindicators (i.e.,
Hg 1, Hg 2, Hg 3, Hg 7, Hg 8, and Hg 9 of Table 2); 16.75 pl
sterile deionized H,O; and 1 pl experimental template (ge-
nomic DNA sample—0.025 pg/ul), positive control (mixed
clone standard—25 pg/ul each), or negative control (sterile
deionized H,0). Relative abundance estimates can be calcu-
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lated using a 1:10 dilution series of the mixed clone standard
to determine cycle number differences between e.g., 25 pg,
2.5 pg, 0.25 pg, and 0.025 pg template concentrations.

Multiplex PCR of probes for array. To generate the target
sequences used for hybridization to the array, a multiplex
PCR amplification using at least 45 primer pairs developed
from an analysis of individual OTUs, may be performed. The
identification of the eukaryotic primers and associated
50-mer probes are shown in Table 3 (for set 1) and Table 6 (for
set 2). The sequences of the prokaryotic primers and associ-
ated 50-mer probes are shown in Table 4 (for set 1) and Table
5 (for set 2).

The conditions for multiplex PCR were as follows. Multi-
plexed PCR reactions containing ~250 ng genomic DNA are
prepared in 0.5 ml thin-walled microcentrifuge tubes. The
final reaction volume was 50 pl and contained a 200 nM final
concentration of each primer, 5 pl 10x buffer, 5 ul BSA, 5ul
dNTPs, 1.25 U Taq, and sd H,O (remaining volume). Reac-
tions were placed in a programmable thermal controller and
DNA amplification by PCR is carried out under the following
conditions: initial denaturation at 94° C. for 2 minutes; 30
cycles of denaturation at 94° C. for 1 minute, annealing at 1 to
3 degrees below lowest primer T,,, extension at 72° C. for 1
minute; final extension at 72° C. for 1 minute; and storage at
4° C. of reaction product until use. The dNTP mixture is
prepared by adding 16.6 ul sd H,Od 20 to 2 pl 50x dNTP
stock solution for an 8.33-fold dilution, where 50x dNTP
stock solution is 10 pl each 100 mM dATP, dGTP, dCTP; 8 ul
100 mM amino allyl-dUTP; and 2 pl 100 mM dTTP.

The PCR products may, in some cases, be labeled using
fluorescent dyes. For labeling with dyes, the PCR product was
transferred to a 1.5 ml microcentrifuge tube and 5 pl 3 M
sodium acetate and 500 pl 100% ethanol added. The contents
were thoroughly mixed and stored overnight at =70° C. The
samples were removed from —-70° C. storage and spun in a
microcentrifuge at 14,000 rpm for 20 minutes. After pouring
offthe supernatant, 500 ul 70% ethanol was added to wash the
DNA pellet and this mixture was microcentrifuged at 14,000
rpm for 10 minutes. The supernatant was again poured off, the
tube allowed to air dry to remove all ethanol, and the pellet
then resuspended in 15 pl nuclease-free H,O. The Cy dyes
were removed from —20° C. storage and resuspended in 15 ul
0.1 M sodium bicarbonate, pH 9.0. The Cy dye and DNA
resuspensions were combined, mixed well, and allowed to
incubate for 1 hr at room temperature in the dark. To quench
any unbound Cy dye after the dye coupling reaction, 15 pl 4
M hydroxylamine was added to each sample and these are
incubated for 15 minutes at room temperature in the dark.
Labeled samples are then purified using a PCR purification
kit according to the manufacturer’s protocol.

Spotting of oligonucleotides on the array. To immobilize
nucleic acids on the array the following protocol was used.
Each 50-mer oligonucleotide to be used as a probe sequence
(i.e., sequences corresponding to SEQ ID NOS: 5-113, and/or
the reverse complement of these sequences, and/or SEQ ID
NO: 329-SEQ ID NO: 340, and/or SEQ ID NO: 351-SEQ ID
NO: 370), on the array is diluted 1:10 with 3xSSC/0.1%
sarkosyl in a 96-well microplate for a final oligonucleotide
concentration of ~250 ng/ul. Epoxy-coated slides are secured
in slide positions of arrayer for printing. After the oligonucle-
otides are printed, the slides are UV cross-linked at 60
mlJoules, baked at 80° C. in an oven for 2 hours, and stored at
room temperature. The 3xSSC is prepared using a 20xSSC
concentrate containing 3 M NaCl and 0.3 M sodium citrate,
pH7.0.
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Hybridization of DNA sample to array. After purification,
the CY3 and CY5-labeled sample eluates may be combined
and lyophilized until almost dry, leaving approximately 5-10
ul behind. The sample may be resuspended using 80 pl
ROCHE DIG EASY HYB hybridization buffer and a clean
lifterslip is placed on the microarray being used. The sample
is heated at 95° C. for 2 minutes, cooled on ice for 1 minute,
spun down to collect any condensation, and pipetted under the
lifterslip. Next, the microarray is sealed within a hybridiza-
tion cassette using the cassette lid and placed into a 45-55° C.
water bath overnight. The next morning, three wash solutions
are heated to 37° C., the hybridization cassette is removed
from the water bath, and the microarray is removed from the
cassette. The microarray with lifterslip is gently dipped into a
staining dish containing wash buffer #1 (1xSSC, 0.1% SDS),
to release the lifterslip. The microarray is then placed in a
staining dish cassette and gently washed in wash buffer #1 for
5 minutes. Using the same technique, the microarray is next
washed in wash buffer #2 (1xSSC), for 5 minutes. Finally, the
microarray is washed in wash buffer #3 (0.05xSSC), by gen-
tly dipping it 5-10 times. The microarray is removed from the
staining dish cassette and tapped on edge against the bench
top to remove all solution droplets. Once dry, the microarray
is scanned.

Example 2

Grouping rDNAs Into Operational Taxonomic Units
for Five Samples From Three Different Lakes

Analysis of Clones. Approximately 50 prokaryotic rtDNA
and 50 eukaryotic rtDNA clones for each of the five lake
samples from set 1 (i.e., Lake Townsend, Greensboro, N.C.;
City Lake, High Point, N.C.; and Toolik Lake, Ala.) for a total
of 500 rDNA sequences were sequenced through a 1700 by
segment ofthe eukaryotic 18S rDNA, or a 1540 by segment of
the prokaryotic 16S rDNA, to provide for phylogenetic clas-
sification of known and novel species (Pace et al., 1986, Adv.
Microb. Ecol., 9:1-55; Sogin and Gunderson, 1987, Annals.
NY Acad. Sci., 503:125-139). Based on the rDNA sequencing
alignments, a level of 97.5% sequence identity was the crite-
rion by which rDNAs were placed in the same operational
taxonomic unit (OTU). Because multiple small subunit rDNA
copies may reside within a species genome (Farrelly et al.,
1995, Appl. Environ. Microbiol., 61:2798-2801), a 97.5%
level of sequence identity allows for the possibility that a
different sequence in the same species was recovered. A soft-
ware program (CHIMERA-CHECK; Kopzcysnski et al.,
1994, Appl. Environ. Microbiol., 60:746-748; Wang and
Wang, 1995, Appl. Environ. Microbiol., 63:4645-4650; Qui et
al, 2001, App. Environ. Microbiol., 58:2717-2722) was also
employed to reduce the possibility of misidentifying a chi-
meric rDNA as an unique clone.

For each sample, libraries of SSU rDNA clones were pro-
duced, individual clones were sampled, sequences for each
clone were generated, and standard diversity statistics were
computed (Table 7). Based on a comparative analysis of all
prokaryotic (16S) rDNA sequences, it was determined that 49
OTUs contained multiple sequences and that 62 OTUs were
unique, each containing a single sequence. An analysis of all
eukaryotic (18S) sequences resulted in 42 OTUs containing
multiple sequences and 67 unique OTUs.
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Comparison of prokarvotic and eukaryotic diversity

LT-1J LT-2] LT-1M CL TL
rDNA library 168 188 168 188 168 188 168 188 168 188
Number of clones 50 50 50 50 50 50 49 50 50 50
Number of OTUs 33 31 31 32 26 34 28 28 23 12
Evenness 0.039  0.049  0.050 0.053 0.089 0.043 0.079 0.102 0.078  0.358
Shannon-Wiener 3.38 3.24 3.24 3.24 2.84 3.35 3.00 2.90 2.86 1.62
index

LT-1J: Lake Townsend, station 1, June;
LT-2J: Lake Townsend, station 2, June;
LT-1M: Lake Townsend, station 1, March;
CL: City Lake;

TL: Toolik Lake.

Species Diversity Measures. Prokaryotic and eukaryotic
species richness, evenness, and the Shannon-Wiener index

single rDNA. Not unexpectedly, the species evenness and
richness was about the same for all the North Carolina lake

differed among lakes. In general, Lake Townsend, N.C., con- 20 samples, but the distribution of recovered species was much
tained more species and showed the most even distribution of more skewed and lower in Toolik Lake, Ak. To generate a
species; consequently, its Shannon- Wiener index values were nucleic acid array for monitoring water, however, the purpose
the highest. In contrast, Toolik Lake, Ak., had the lowest of the census is not necessarily to identify all the microbial
richness estimates, especially for eukaryotes, indicating that . gpecies that exist in these samples, but rather to survey water
species diversity was much lower in Toolik Lake .than in the sources for relatively common microbes whose appearance
temperate lakf:s and that a few successtul competitors domi- and abundance can be monitored on a microarray platform.
nated the arctic community.

As a first indication of diversity, various statistical mea- Rank-abundance curves for most samples (see e.g., FIGS.
surements of the recovered sequences were made to deter- 30 2and3)showed thata few taxa were abundant and that many
mine the species coverage, species evenness (Simpson’s taxa were represented by a single clone. It is highly likely that
Index of Dominance; Colinvaux, 1993, Ecology 2, John the samples also contain several other clones at low frequen-
Wiley & Sons, Inc. New York, N.Y.), species richness (the cies. In Toolik Lake, fewer species were detected and these
number of recovered species ina samp]e), species diversity 35 were more abundant relative to the other lakes tested, 1mply-
(Shannon-Wiener index; Nubel et al., 1999, Appl. Environ. ing that Toolik Lale contained a smaller number of species.
Microbiol., 65:422-430) and the estimated proportion of This was supported by the estimates of total taxonomic diver-
shared OTUs between samples (Sorenson similarity coeffi- sity using the four methods described above (Table 8).

TABLE 8
Estimates of species
richness (S) for each prokaryotic and eukaryotic community
LT-1J LT-2J LT-1M CL TL
DNA library 16S 185 16S 18S 165 185 165 185 165 18S
Numberof OTUs 33 31 31 32 26 34 28 28 23 12
Scov 57 56 54 62 44 71 46 4T 29 14
*max 93 72 73 74 40 93 53 47 40 12
SACE 61 8 77 110 110 106 67 65 38 17
SChaol 54 77 63 88 91 99 54 60 28 14

LT-1J: Lake Townsend, station 1, June;
LT-2J: Lake Townsend, station 2, June;
LT-1M: Lake Townsend, station 1, March;

CL: City Lake;
TL: Toolik Lake.

cient; Lincolnetal, 1998, 4 Dictionary of Ecology, Evolution,
and Systematics, Cambridge University Press, New York,
N.Y.; McCaig et al., 1999, Appl. Environ. Microbiol.,
65:1721-1730). Coverage estimates of the percentage of
OTUs recovered from a source were based on the relative
abundance of the clones already obtained, and indicated that
48 to 76% of the prokaryotic rDNAs, and between 48 and

90% of the eukaryotic rDNAs, had been recovered from the 5

samples. The highest coverage (i.e., 90%) was for Toolik
Lake; apparently caused by the high level of recovery of a

60

Sequence Identifications and Library Comparisons. Clone
sequences were submitted for BLAST analysis to assess phy-
logenetic affiliations with reported sequences in the GenBank
database. Sequence alignments having Z97.5% identity were
used to propose OTU identifications and determine the pro-
portion of known OTUs for each library (Table 9). The Lake
Townsend March sample contained the lowest average pro-
portion of known OTUs (24.8%), while Toolik Lake had the
highest (43.0%). Identifications for clones within the same
OTU were consistent, suggesting that a 97.5% identity
threshold grouped individuals at the species level.
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TABLE 9
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Summary of prokarvyotic and eukaryotic OTUs

LT-17 LT-2] LT-1M CL TL
rDNA library 168 188 16S 18S 16S 185 16S 188 165 18S
No. known clones 21 17 16 21 21 19 31 20 25 32
Proportion known 12/33  8/31 10/31 8/32 6/26 9/34 13/28 6/28 14/23 3/12

OTUs (%)

(36.4) (25.8) (32.3) (25.0) (23.1) (26.5) (46.4) (21.4) (60.9) (25.0)

LT-1J: Lake Townsend, station 1, June;
LT-2J: Lake Townsend, station 2, June;
LT-1M: Lake Townsend, station 1, March;
CL: City Lake;

TL: Toolik Lake.

Number of known OTUs = number of OTUs with clones having =97.5% sequence similarity to GenBank entries.
Known clones refer to clones whose sequences correspond to known microbial species or unidentified species in

the GenBank database.

Samples having similar estimates of species diversity were
distinguished by differences in community composition. For
instance, eight eukaryotic OTUs were identified in each Lake

In some comparisons, roughly equal proportions of prokary-
otic and eukaryotic OTUs were shared, but other comparisons
revealed different patterns.

TABLE 10

Sorensen coefficients for prokaryotic and eukaryotic sample comparisons

LT-17 LT-2] LT-1M CL TL
1DNA library 165 188 168 188 168 188 168 188 168 188
LT-17 1 1 0344 0159 0169 0215 0230 0068 0071  0.093
ay ®) ) Q] 9] @ @ @
LT-27 1 1 0070 0061 0169 0133 0 0.091
@ @ ) ] @
LT-1M 1 1 0074 0.161 0122 0.174
@ ® ) @
CL 1 1 0039  0.200
M @
TL 1 1

Coeflicients were calculated as follows: S = 2 x C/(A + B), where A and B represent the numbers of OTUs in libraries A and B,
respectively, and C represents the number of OTUs shared by A and B (34, 40).
() indicate the number of OTUs that were shared by the paired libraries.

LT-1J: Lake Townsend, station 1, June;
LT-2J: Lake Townsend, station 2, June;
LT-1M: Lake Townsend, station 1, March;

CL: City Lake;
TL: Toolik Lake.

Townsend sample, but the species composition of this group
varied between samples. Comparing only the OTUs with
multiple sequences, the following observations were made:
LT-1] species included Chilomonas paramecium, Cryptomo-
nas ovata, and Geminigera cryophila; L'T-2] species included
Brachionus plicatilis, Cryptomonas ovata, Didinium nasu-
tum, and Dileptus sp., and the LT-1M species included Cryp-
tomonas ovata and Tabularia tabulata. A comparison of the
unique OTUs distinguished these samples even more.

Based on sequence alignments and comparisons that
included all OTUs, phylogenetic trees were generated
according to the UPGMA method to show the overall distri-
bution of OTUs among the five samples. The prokaryote tree
in FIG. 6 was constructed using 111 different 16S rDNA
OTUs, including 40 that are known rDNAs (about 36%). The
eukaryote tree in FIG. 7 represents 109 18S rDNA OTUs and
includes 22 known rDNA sequences (about 20%).

To determine which OTUs, if any, appeared in more than
one library, the sequences from each library were compared
to those in every other library in pairwise library comparisons
and a similarity coefficient was calculated for each pairing
(Table 7). Although no prokaryotic sequences were shared
between L'T-2J and TL, there was some overlap between every
pair of samples and the degree of overlap varied considerably.
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Venn diagrams depict sample comparisons at different spa-
tial and temporal scales (FIG. 8). In the fine-scale spatial
comparison of LT-1J and LT-2]J, each shared OTU contained
nearly equal numbers of sequences from both samples, except
for two sequences that occurred four times as often in LT-2J.
One of these, a 16S rDNA OTU, was not identified, while the
other 18S rDNA OTU aligned with Geminigera cryophila,
and was also found in Toolik Lake (three copies). Such
unequal occurrences of an OTU between samples may signify
a detectable difference in the relative abundance of this par-
ticular microbial population between samples. OTUs that
consistently vary in frequency among samples are potential
bioindicators. For instance, one new bacterial species and the
Geminigera cryophila OTU appear to be more abundant in
temperate lakes, especially pelagic waters.

Thus, it was found that for the five lake samples analyzed
from three lakes (Lake Townsend, City Lake, and Toolik
Lake), 26 different eukaryotic OTUs were represented by
multiple copies, including 11 that are associated with known
species. Another 79 eukaryotic OTUs were obtained as single
copy clones and almost all of these represent unidentified
species (Marshall, 2002, Masters Thesis, University of North
Carolina at Greensboro). Similarly, 45 different prokaryotic
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OTUs were found in multiple copies among the collection of
samples, of which 10 are associated with a known species,
and another 19 resemble reported sequences for as yet uni-
dentified species. Another 92 single copy rDNA sequences,

76
acterized only in the designated sample either as a single
copy, referred to as a unique OTU, or in multiple copies. [t can
be seen that the distribution of some OTUs is broad, while for

most from unidentified prokaryotes, were recovered from the 5 Others it is more localized (Table 12), suggesting that many
samples (Amos, 2002, Masters Thesis, University of North microbial species exist across a range of watersheds and that
Carolina at Greensboro). Both knowp and unidentified rDNA a general purpose DNA microarray, that may be used for
sequences may be used as probes printed on the assay matrix . .
of the present invention. multiple watersheds, may be developed. An example analysis
The ability to assess environmental parameters of water 10 of specific OTUs is shown in Table 13.

quality may require a sufficient n}lmber of potent1a1 bioindi- A preliminary analysis of rDNA sequences from paired
cator species, but may also require sequences having suffi-

- T North Dakota lake samples (where one lake sample that
cient similarity across samples to allow for some general o ) T "
application. As noted in Table 11, a diversity of microbial exhibits substantial deformities in the frog population and
species may be readily retrievable from a single body of water 15 one lake sample does not) acquired from the Fargo, N. Dak.
for even an oligotrophic source such as Toolik Lake, Ak. USDA station indicates that some of the OTUs for unknown
While every sample produced several unique OTUs, all of the . . . .
lakes produced multiply represented OTUs, and the most species are shared with sequences found in North Carolina
common OTU in each sample accounted for 10% or more of lakes. Moreover, preliminary real-time PCR experiments
all the rDNAs analyzed in each of the samples. suggest that at least some microbes exist at an endemic level

TABLE 11
Relative abundance of eukaryotic and prokaryotic OTUs
Most abundant
OTU 2X OTUs 1X OTUs Total OTUs
Eukary. Prokary. Eukary. Prokary. FEukary. Prokary. Eukary. Prokary.
LT-17 10% 8% 9 10 23 26 32 36
LT-2] 14% 10% 9 8 22 26 31 34
LT-1M 10% 14% 8 7 26 23 34 30
CL 14% 22% 10 9 21 22 31 31
TL 58% 20% 7 12 5 12 12 24
LT-1J; Townsend, NC; June, Station 1;
LT-2J; Townsend, NC; June, Station 2;
LT-1M, Townsend, NC; March, Station 1;
CL, City Lake, NC May;
TL, Toolik Lake, AK; August.
2X represents OTUs with at least 2 members;
1X represents OTUs with only one member.
40

Table 12 shows the pattern of shared and unshared OTUs
among the five freshwater lake samples of set 1. Unshared
OTUs refer to rDNA sequences that were recovered and char-

in almost all freshwater lakes, suggesting that that relative
abundance for these endemic microbes is primarily dictated
by local water conditions.

TABLE 12

Shared and unshared OTUs among the five freshwater lake samples

A B C D E

Euk. Prok. Euk. Prok. Euk. Prok. Euk. Prok. FEuk. Prok.
Unshared 18 22 19 19 19 19 18 20 5 12
OTUs
OTUs in 2 2 5 1 4 3 8 2 4 2 19
samples only
Toolik only 0 0 0 0 0 0 0 0 — —
Townsend 5 6 3 6 5 2 — — — —
only
Townsend or 2 2 1 3 2 1 5 6 — —
City
All lakes* 4 0 3 0 5 0 5 0 5 0

*All lakes does not necessarily mean all samples.
A: Townsend, NC, June, Station 1;

B: Townsend, NC, June, Station 2;

C: Townsend, NC, March, Station 1;

D: City Lake, NC, May;

E, Toolik Lake, AK, August

Euk = Eukaryotic;

Prok =Prokaryotic
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TABLE 13

Relative abundance of five eukaryotic
rDNA species found in all three sampled lakes

A B C D E

Cryptomonas 30% 12% 20% 30% 8%
ovata
Unidentified
18s rtDNA-1
Ochromonas
tuberculata
Oxytricha
longa
Unidentified

18s rtDNA-2

0% 0% 10% 6% 58%

12% 6% 6% 8% 4%

2% 10% 2% 8% 10%

10% 0% 4% 2% 10%

A: Townsend, NC, June, Station 1;
B: Townsend, NC, June, Station 2;
C: Townsend, NC, March, Station 1;
D: City Lake, NC, May,

E: Toolik Lake, AK, August

Library Screening vs. Real-time Q-PCR. For the lake
samples of set 1, it was found that several OTUs may be found
at quantitatively different levels in different ecosystems.
Three OTUs that appeared to be recovered differentially from
one water sample were used in fluorescence detection real-
time PCR experiments to determine if they were also present
in other water samples (FIG. 9). It was found that each of the
test OTUs was in fact present in all of the samples investi-
gated. For example, two OTUs that appeared in LT-1M clone
libraries at frequencies of 10 and four copies (out of 50),
respectively. Another OTU in was originally recovered from
a City Lake library (11 copies of 50).

The relative abundance of each of these OTUs was com-
pared and estimated across the same three samples based on
a dilution series of a known standard (data not shown).
According to cycle threshold differences between growth
curves in FIG. 9A, the amount of the LT-1M OTU product in
the LT-1M sample was estimated to be 34 times greater than
the amount of this product in L'T-1J samples and 13 times
greater than the amount in CL. samples. For the experiment
shown in FIG. 9B, it was found that the amount of product in
CL was about 219 times greater than that found in LT-1J
samples and 41 times greater than that found in LT-1M
samples. For the experiment shown in FIG. 9C, it was found
that the amount of product in LT-1M was about 29 times more
abundant than in LT-1J and 55 times more abundant than in
CL.

Real-time PCR assays also allowed for an estimation of the
sensitivity of rDNA amplification for detecting community
members. Based on four completed E. coli genomes from
GenBank entries AE014075 (Venter, J. C., et al., 2004, Sci-
ence, 304:66-74), U00096 (Blattner, F. R., et al., 1997, Sci-
ence, 277:1453-1474), BA0O00007 (Lincoln, R., G. Boxshall,
and P. Clark, 1998, A Dictionary of Ecology, Evolution and
Systematics. Cambridge University Press, New York, N.Y.),
and AE005174 (Pace, N. R., et al., 1986, Adv. Microb. Ecol.,
9: 1-55), it was estimated that 16S rDNA makes up about
0.206% of the E. coli genome, and therefore, about 52 pg of
16S rDNA should be present in 25 ng of genomic DNA
material. Experiments indicated that Q-PCR detected a spe-
cific rtDNA signal from as little as 3.6x10~> pg of genomic
DNA, based on a comparison with the Q-PCR signal evoked
by individual rDNA clones, indicating that clones occurring
at a frequency as low as 6.9x107> should be detectable by
Q-PCR, and that a sampling of 14.5x10° clones would be
required for a mean recovery of one target clone. Assuming a
Poisson distribution of clones in a library, it was estimated
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that to ensure the recovery of any one clone at a probability of
greater than 99%, a library screening method would require
66.7x10° clones.

Generally, the results indicated that the Toolik Lake micro-
bial community differs more from the North Carolina lakes
than the North Carolina lake communities differ from each
other. The three Lake Townsend samples also showed varia-
tion as the samples differed with respect to the location and
season of sampling. While the March and June collections at
the same Lake Townsend location shared several OTUs with
the other Lake Townsend and City lake samples, several mul-
tiple-copy OTUs were only found in the March collection,
indicating that some microbial species thrive in the relatively
cold waters of early Spring. Also, the two Lake Townsend
samples collected on the same day showed the highest level of
overall similarity. The library sampling method was able to
detect similarities between samples, indicating that the
microbial community is not too heterogeneous to analyze
with molecular methods. In addition, the existence of
unshared OTUs and the ability to detect quantitative differ-
ences between shared OTUs indicated differences between
microbial communities that may be diagnostic of specific
environmental conditions.

Example 3

Grouping rDNAs Into Operational Taxonomic Units
for Ecosystems Believed to Contain Mercury

Analysis of Clones. Clones for each of the four lake
samples (i.e., NFHR 77; NFHR 80.8; WCA1; GLDRTC)
were sequenced through a 1700 by segment of the eukaryotic
18S rDNA, or a 1540 by segment of the prokaryotic 16S
rDNA, to provide for phylogenetic classification of known
and novel species (Pace et al., 1986, Adv. Microb. Ecol.,
9:1-55; Sogin and Gunderson, 1987, Annals. NY Acad. Sci.,
503:125-139). Based on the rDNA sequencing alignments, a
level of 97.5% sequence identity was the criterion by which
rDNAs were placed in the same operational taxonomic unit
(OTU). Because multiple small subunit rDNA copies may
reside within a species genome (Farrelly et al., 1995, Appl.
Environ. Microbiol., 61:2798-2801), a 97.5% level of
sequence identity allows for the possibility that a different
sequence in the same species was recovered. A software
program (CHIMERA-CHECK; Kopzcysnski et al., 1994,
Appl. Environ. Microbiol., 60:746-748; Wang and Wang,
1995, Appl. Environ. Microbiol., 63:4645-4650; Qui et al,
2001, App. Environ. Microbiol., 58:2717-2722) was also
employed to reduce the possibility of misidentifying a chi-
meric rDNA as a naturally occurring sequence. For each
sample, libraries of SSU rDNA clones were produced, indi-
vidual clones were sampled, sequences for each clone were
generated, and standard diversity statistics were computed.

Genomic DNA was extracted from each sample and ampli-
fied by PCR (except for control sample NFHR 94) using
universal small-subunit ribosomal DNA (SSU rDNA) prim-
ers of Table 1. PCR amplicons were used to generate 16S
rDNA and 18S rDNA plasmid clone libraries (four of each)
and these were sampled by randomly selecting 50 clones
from each for sequence analyses. The resulting sequence data
(~500 nucleotides for each clone) were used to generate
alignments so that sequences could be grouped into OTUs
using a 97.5% sequence identity criterion. Samples were then
compared based on OTU composition and this provided a
mechanism for screening candidate Hg bioindicators. Rank-
abundance profiles were assembled showing the number and
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relative abundance of OTUs found in each sample, as well as
the OTUs that were designated as candidate Hg bioindicators
(FIGS. 4 and 5).

Based on the data of Example 2, it was expected that three
diverse samples would share approximately 4% of the OTUs
recovered if 50 clones were sequenced from each sample.
However, samples that have a higher chemical similarity (i.e.
the presence or absence of mercury) may also share a greater
number of the same microbial sequences such that 10 or more
candidate bioindicators might be expected to emerge from
rDNA sequence analyses. This is consistent with previous
work by Sorensen and colleagues (Muller, et al. 2001, 2002;
Rasmussen and Sorensen, 1998, Current Microbiology
36:291-297; Rasmussen and Sorensen, 2001, FEMS Micro-
biology Ecology. 36:1-9) who found rapid changes in com-
munity structure, including significant increases in the pro-
portion of culturable mercury resistant bacteria. It was also
expected that most of the unidentified rDNA sequences
obtained from these samples would be novel. Therefore, the
selection criteria utilized focused on direct associations
between the presence or absence of mercury and recovered
sequences, rather than microbial taxa.

First, a microbial rDNA sequence was established as a
potential bioindicator if multiple copies were detected in
three mercury-contaminated samples and the sequence did
not align with any other rDNA sequence in GenBank (unless
known to be associated with mercury metabolism) or the
University of North Carolina at Greensboro (UNCG) data-
base, which contains several thousand rDNA sequences. Sec-
ond, a sequence was designated as a potential bioindicator if
multiple copies were found at two mercury-contaminated
sites. If no sequences satisfied either of these criteria, then a
sequence would be considered if multiple copies were
detected in at least one mercury-contaminated sample and if
the sequence also grouped into one of the five most abundant
OTUs. Due to the number of OTUs that met the first two
criteria, the last criterion was not utilized. Table 2 lists can-
didate Hg bioindicators, the samples that yielded them, and
descriptions based on alignments with sequences reported in
GenBank.

As expected, most of the candidates could not be identified
based on BLAST alignments. This was either because the
candidate rDNA aligned with an uncultured microorganism
as yet uncharacterized or because the candidate rDNA is
unknown and failed to align with anything. Both cases present
potential bioindicator opportunities since the vast majority of
microbes have not been identified and their ecological func-
tions remain unknown. For example, Hg 1 is 99% identical to
anuncultured bacterium reported as clone P4T__162. Without
more information, the ecological function of this organism
remains unknown. However, this demonstrates potential dual
applications as both bioindicator and bioremediator. In fact,
most microbial bioindicators may also be bioremediators, but
they have not been isolated and studied to establish their roles
in overall community dynamics and their effects on the envi-
ronment.

After screening candidate bioindicators in this fashion,
real-time quantitative PCR was used to measure the relative
abundance of six of these candidates across all samples. Fol-
lowing methods described herein, primer sequences were
designed using nonconserved rDNA regions flanking the V2
region of SSU rDNA (Sogin and Gunderson, 1987) so that a
specific PCR product would be generated. In these reactions,
a fluorescent dye (SYBR® Green 1) intercalates double-
stranded DNA as it accumulates over the course of the reac-
tion, providing a real-time “signal” that indicates the quantity
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of PCR product. The amount of starting rDNA template was
estimated by comparing the rate of accumulation to that of a
known standard.

The 6 bioindicator candidates that were tested included:
Hg 1, Hg 2, Hg 3, Hg 7, Hg 8, and Hg 9 (Table 2). For each
one, reactions were prepared to test for the presence and/or
abundance of the specific rDNA in both mercury-contami-
nated and uncontaminated samples. The utility of these
potential bioindicators was established by demonstrating that
they were at least 5-fold more abundant in the genomic DNA
isolated from at least one of the mercury-contaminated
samples than in the genomic DNA isolated from an uncon-
taminated sample. This provides a readily distinguishable
level for purposes of microarray detection. In addition, the
rDNA levels of each candidate were inspected in each sample
to confirm that they were consistently more abundant in mer-
cury-contaminated samples generally.

Hg 1 and Hg 3 met this standard without qualification. Hg
2 was detected in greater abundance in NFHR 94 than in
NFHR 80.8, but was over 10 times more abundant in GL-
DRTC than any other sample. Hg 8 levels were over 6 times
higher in NFHR 80.8 than NFHR 94, although Hg8 was not
detected in GL-DRTC. Finally, Hg 7 and 9 were not amplified
in any sample. In every case, a negative result was produced
for both NFHR 77 and FL-WCA1, which were found to have
much lower DNA concentrations of each of the probes than
the other genomic samples based on a second trial of DNA
quantifications. However, it seems likely that the negative
Q-PCR results for FL-WCALI represent real differences since
mercury analyses suggested that FL.-WCA1 may no longer be
contaminated given that total Hg levels were below reporting
limits. And, unlike NFHR 77, FL-WCAI1 did not share any
16S rDNAs with any other sample. It should also be noted that
positive and negative controls were run successfully with
each panel of reactions. Positive controls contained plasmid
clone dilutions (50-100 pg) of the candidate rDNA and
yielded robust signals indicating DNA concentrations in
excess of 10* greater than in genomic samples.

Although many rDNAs did not meet all criteria, candidates
Hg 1-11 were selected to develop a pilot mercury bioindicator
microarray. For each candidate, a 50-mer oligonucleotide
probe was derived from the V2 region that lies between the
Q-PCR primer sites and checked for uniqueness by aligning it
with the other microarray probes already developed (e.g.,
Example 2). For added quality control, redundancy was built
in by spotting a second 50-mer probe, complementary to the
first, for each candidate. The probe specificity of a single
candidate, Hg 1, was tested by preparing a multiplex reaction
containing a solution of plasmid clones (diluted to 250 pg)
corresponding to Hg 1 and 46 primer sets, including the same
Hg 1 primers used in Q-PCR. The other 45 primers represent
a diverse collection of rDNAs, including sequences for the
following: known pathogens (GenBank), bacteria involved in
arsenic oxidation/reduction pathways, and relatively com-
mon microbial species, both known and unknown, previously
recovered from environmental samples. The resulting reac-
tion product only hybridized at the appropriate locations on
the microarray, corresponding to the two Hg 1 probes (FIG.
13). In a negative control reaction, prepared and carried out
under identical conditions, the Hg 1 primers were omitted
from the multiplex reaction and no hybridization occurred
(data not shown). A visual inspection of the microarray sur-
face confirmed the presence of a dust particle, which became
bound to unincorporated dye in the reaction product, shown
as a “C-shaped” spot. Together, these results indicate that the
Hg 1 primers and probes were highly specific for the same
rDNAs corresponding to the Hg 1 OTU.
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Example 4

Qualitative and Quantitative Analysis of Water
Samples Using Microarrays

Based on the sequence information provided by the clones
and information available in GenBank, two microarrays for
testing water samples were made. The protocol for testing the
microarray was as follows: appropriate prokaryotic and
eukaryotic primers were used to amplify either 16S rDNA or
18S rDNA, respectively, from DNA that was extracted from
the water samples as described above. The PCR products
were then labeled by chemical attachment to either CY3
(green) or CY'5 (red) dye, and upon denaturation, the labeled
PCR products were hybridized to the array.

To make the arrays, 50-mer oligonucleotide sequences
were spotted onto the surface of epoxy-coated glass slides. In
Table 14, sequence identifications from Tables 3 and 4 are
provided for each probe that was spotted to make the array
shown in FIGS. 14 and 15. As indicated, there were some
locations at which no probes were spotted.

TABLE 14

20

82
probes for sequences that were not experimental targets, thus
acting as negative controls and, indicating that there was
minimal DNA carryover during the array printing process.
The actual array carried three sets of each grid, and scanned
images of the replicate grids produced substantially identical
images.

The experiment illustrated in FIG. 15C illustrated that the
microarray may be used as a semi-quantitative assessment to
compare two samples (for instance, the same location within
a lake at two different times), or a sample and a standard. In
this approach, two multiplex PCR amplifications were run—
one for each lake sample. Both 16S and 18S rDNA were
amplified together in a single reaction, and the amplified
products from each sample were then labeled with either the
red (Sample 1) or green (Sample 2) dye. When the amplified
products were hybridized to a microarray, any resulting signal
varied in color from red (target found in only sample 1) to
yellow (target in both samples) to green (target found only in
sample 2). The continuum from red to green is indicative of
the relative abundance of the target in the samples.

Prokaryotic (16S rDNA) probes

Eukaryotic (18S rDNA) probes

103P 103P 15p 15  30P 31P
103P 103P 104P 105P 106P 107p 33P 34P 14P 35P
108P 109P 110P 103F, 103F* 103F* 39P 40P 41P 37P
CY3
9mer

*reverse complementary sequence of 103F;
**reverse complementary sequence of 42F

The experimental design is illustrated in FIG. 14A, show-
ing labeling of a subset of sequences (e.g., prokaryotic) with
red dye (FIGS. 14A-1) and labeling of a second subset of
sequences (e.g., eukaryotic) with green dye (FIGS. 14A-2).
Aligned sequences were used to design taxon-specific PCR
primers (20-26-mer) and oligonucleotide probes (50-mers) to
complementary variable regions. As a printing control and
orientation marker, a CY?3-labeled random 9-mer probe was
also printed with each grouping of probes.

In the experiment shown in FIG. 14B, two aliquots drawn
from a single genomic DNA sample (Lake Townsend, Station
1, June) were subjected to PCR with either a universal
prokaryotic rDNA primer pair or a universal eukaryotic
rDNA primer pair (Table 1) with dUTP added to the reaction
mixture. The conditions for amplification were as described
above for generation of the libraries. As described herein, the
PCR reactions were then labeled with either CYS (red,
prokaryotic), or CY3 (green, eukaryotic) by chemically
attaching the incorporated dUTP. The reactions were mixed
and hybridized to a glass slide spotted with the oligonucle-
otide probes. As shown in FIG. 14B, the eukaryotic and
prokaryotic PCR products are clearly detected on the proto-
type microarray. The scanned array image showed complete
specificity of 12 of 12 prokaryotic probes and 19 of 21
eukaryotic probes. The green spot in the lower right of each
sub-array was a CY3-labeled 9-mer marker for orientation.
Also, locations at which no spots appear were printed with

32P  16P
36P  38P
42F  42F**

CY3

Smer

Example 5
Testing For Specific Pathogens

40

45

50

55

60

65

The microarray is also capable of detecting known water
pathogens and contaminants which affect water quality, thus
raising the possibility of an “all in one” testing system. To test
the feasibility of this additional feature, a microarray includ-
ing 16S rDNA sequences from several cyanobacteria species
was made. This microarray was tested with primers designed
to amplify the rDNA of these species specifically, and the
labeled products were hybridized to the microarray. As FIG.
16 shows, the multiplex/direct labeling methodology resulted
in the appearance of signals specific for the cyanobacterial
sequences from water samples known to contain cyanobac-
teria. For the experiment shown in FIG. 16, oligonucleotide
probes to 18S rDNA are spotted in Grid A (16 probes) and B
(15 probes). Twelve probes to 16S rDNA of Escherichia coli
(strains K12 and O157:H7; Prena et al, 2001, Nature, 409:
465-466) are spotted in Grid C, and twenty one 16S rDNA
probes are spotted in Grid D, which contains cyanobacteria
sequences, sequences associated with arsenic-responsive
microbes (Oremland and Stolz, 2003, Sciernce 300:939-943),
and sequences identified in collected samples. Grids A, B, C,
and D from FIG. 16 are shown in Table 15, and the identity of
each probe (Tables 3 and 4) is provided at its location on the
array
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TABLE 15
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Oligonucleotide probes on array of FIG. 16

A B

15 30p 31P 32P 16P 33P 10P 11P 12P 13P
34p 14P 35P 36P 38 39P 19P 20P 21P 22P 18P 23P

40P  41p 24P 25P 26P 27P 28P

17p  29p CY3 CY3
9mer 9mer

C D
51p  52P 53P 54P 55p  56P &3P 81P  73P 74P 75P  76P

57p 58P 60P 61P 62P 63P 84P 85P 82P 80P
103P 104P 105P 106P 107P 108P
CY3 109P 110P 77p 78P 79P CY3
9mer 9mer

To generate the labeled probe for this experiment, Toolik
Lake, Ak. and City Lake, N.C. genomic samples were ampli-
fied using cyanobacteria specific PCR primers in a multiplex
format. Toolik Lake products were labeled with CY?3 (green)
and City Lake products were labeled with CYS5 (red). The
primer pairs were: Synechococcus. sp. LBP1, Synechococcus
sp. LBG2, an unknown cyanobacteria clone [L.D27, and a
degenerate Syrechococcus primer set (Table 4). The four
probes to cyanobacteria hybridized with amplicons from both
lake samples as evidenced by the yellow signal in grid D (FIG.
16). The additional signal in Grid D resulted from a labeled
product that recognized a probe corresponding to the bacte-
rium Burkholderia cepacia genomovar III. Subsequent
analysis revealed that at least one of the Syrechococus prim-
ers resembled the B. cepacia sequence, and that it likely
amplified B. cepacia rDNA in the sample, indicating the
importance of designing primer pairs to prevent cross-reac-
tivity.

Example 6
Taxon-Specific Arrays
Amplification of genomic sample DNA may be performed

by multiplex PCR using primers chosen to provide products
that can hybridize to taxon-specific DNAs. Using this proto-

20

25

30

35

40

col can dramatically reduce non-specific labeling, and elimi-
nates the need for intermediate PCR reactions, which reduce
sensitivity.

FIG. 17 shows a taxon-specific array comprising 105 oli-
gonucleotides generated from known and unknown OTUs
isolated from freshwater lakes and from GenBank pathogen
sequences. DNA samples from two different lakes were
amplified in identical multiplex PCR reactions and reaction
products were either labeled with a red dye (CY5) or a green
dye (CY3), allowing for comparison of samples. Shown are
results from a test of two lake samples used to hybridize first
singly (top panels) (left panel: CY3-labeled sample, sample
1; right panel: CY5-labeled sample) and then together (bot-
tom panel) to the same array of 105 oligonucleotide probes.

The arrays included nucleic acid sequences from variable
regions of individual eukaryotic and prokaryotic rDNAs.
Sequences spotted on the arrays included 32 probes derived
from the literature that target known pathogens or contami-
nant microbes and 73 probes to sequences derived from fresh-
water environmental samples, including both known and
novel sequences, and four cyanobacteria. The actual probe
sequences spotted on the array shown in FIG. 17 are provided
in Table 16, and the location of each sequence on the array is
provided in Table 17. See Tables 3 and 4 for SEQ ID NOS:
that correspond to probe numbers; e.g., 43P is SEQ IDNO: 46
(Table 4).

TABLE 16

Primer/Probe combinations spotted on microarrays

GenBank
accession GenBank
168 rDNA sequence no. 18S rDNA sequence accession no.
Enterococcus gallinarum, strain LMG 13129  AJ301833 Cryptosporidium parvum AF222998
Burkholderia cepacia AB091761  Acanthamoeba mauritaniensis AY351647
Burkholderia cepacia genomovar I11 AF148556 Cyclospora cayetanensis AF111183
Uncultured human fecal bacterium HF74 AF233412  Entamoeba histolytica X65163
Uncultured human fecal bacterium HF8 AF233408 Giardia intestinalis isolate AF199449
Uncultured human fecal bacterium HF10 AF233413  Isospora belli AF106935
Bacillus anthracis strain S51 AB116124  Microsporidium sp. STF AY140647
Clostridium botulinum strain AIP 355.02 AY303799  Naegleria fowleri AF338423
Francisella tulavensis strain 3523 AY243028  OTU TL1Al, multi-copy, unidentified
Yersinia pestis AF366383 OTU TL1A2, multi-copy, unidentified
Brucella melitensis AF220149 OTU TL1A9, multi-copy, unidentified
Burkholderia mallei strain 2000031063 AY305760  OTU TL1A12, multi-copy,
unidentified
Chlamydophila psittaci clone cvCps2 AY334530  OTU TL1A16, multi-copy,
unidentified
Coxiella burnetii, strain Nine Mile Y11502 OTU TL1A21, multi-copy,

unidentified
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TABLE 16-continued

Primer/Probe combinations spotted on microarrays

GenBank
accession GenBank

168 rDNA sequence no. 18S rDNA sequence accession no.

Escherichia coli O157:H7 ABO035920  OTU CL1A3, single-copy,
unidentified

Escherichia coli O157:H7 EDL933 NC 002655  OTU CL1AA4, single-copy,
unidentified

Escherichia coli O157:H7 EDL933 NC 002655  OTU CL1AS, single-copy,
unidentified

Escherichia coli O157:H7 EDL933 NC 002655  OTU CL1AS6, single-copy,
unidentified

Escherichia coli O157:H7 EDL933 NC 002655  OTU CL1AS, multi-copy,
unidentified

Escherichia coli O157:H7 EDL933 NC 002655  OTU LT2A12, multi-copy,
unidentified

Escherichia coli O157:H7 EDL933 NC 002655  OTU LT2A20, single-copy,
unidentified

Escherichia coli O157:H7 EDL933 NC 002655  OTU LT1A3, single-copy,
unidentified

Escherichia coli O157:H7 EDL933 NC 002655  OTU LT1A42, multi-copy, identified
as Cryptomonas sp., strain M420

Escherichia coli K12 NC 000913 OTU LT1AS5, multi-copy, unidentified

Escherichia coli K12 NC 000913 OTU LT1A4, multi-copy, identified
as Cryptomonas ovata, strain CCAP
979/61

Escherichia coli K12 NC 000913 OTU LT1A8, multi-copy, unidentified

Escherichia coli K12 NC 000913  OTU LT2A7, multi-copy, identified
as Dileptus sp.

Rickettsia prowazekii M21789 OTU LT1A9, single-copy,
unidentified

Salmonella typhimurium 749264 OTU LT2A19, single-copy, identified
as Coleps sp.

Vibrio cholerae (CECT 514 T) X76337 OTU LT1A10, multi-copy,
unidentified

Campylobacter jejuni strain B99/206 AF550630 OTU LT1A11, single-copy,
unidentified

Legionella pneumophila serogroup 6 AJ496383 OTU LT1A13, single-copy,
unidentified

Leptospira interrogans 712817 OTU LT3A2, single-copy,
unidentified

Pseudomonas aeruginosa, strain WatG AB117953  OTU LT3AS5, multi-copy, unidentified

OTU TL1A1, multi-copy, unidentified
OTU TL1A2, multi-copy, unidentified

OTU TL1AG, single-copy, unidentified

OTU TL1A7, multi-copy, identified as
Uncultured beta proteobacterium clone OS1L-
16

OTU LT1A31, multi-copy, identified as
Uncultured Crater Lake bacterium CL500-18
OTU LT1AS55, multi-copy, identified as
Uncultured freshwater bacterium LCK-26
OTU CL1A2, multi-copy, unidentified
OTU CL1A9, multi-copy, identified as
Zoogloea ramigera

OTU CL1A10, multi-copy, unidentified
OTU CL1A1S5, single-copy, identified as
Uncultured Crater Lake bacterium CLO-27
OTU LT1A54, multi-copy, identified as
Uncultured Crater Lake bacterium CLO-64
OTU LT1A27, multi-copy, identified as
Uncultured actinomycete clone SFD1-39
OTU LT2A3, multi-copy, unidentified
OTU LT1A46, multi-copy, identified as
Uncultured planctomycete clone
CYOARAO31E04

OTU LT2A12, multi-copy, unidentified
OTU LT2A16, multi-copy, unidentified
OTU LT1A53-3A9, multi-copy, identified as
Synechococcus sp.

OTU LT1AS53, multi-copy, identified as
Synechococcus sp. LBG2

OTU LT3A9, multi-copy, identified as
Synechococcus sp. LBP1

OTU LT3A11, multi-copy, identified as
Unidentified cyanobacterium clone LD27

OTU LT3A6, multi-copy, unidentified
OTU LT3Al11, single-copy,
unidentified

OTU LT3A13, single-copy,
unidentified

OTU LT1A1, multi-copy, unidentified

OTU LT1A38, multi-copy,
unidentified
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TABLE 16-continued
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Primer/Probe combinations spotted on microarrays

GenBank
accession

168 rDNA sequence no.

18S rDNA sequence

GenBank
accession no.

Arsenite-oxidizing bacterium MLHE-1
Thiomicrospira sp. CVO

Desulfovibrio longreachii

Bacillus arsenicoselenatis

OTU LT3Al, single-copy, unidentified
OTU LT3A2, multi-copy, unidentified
OTU LT3A7, multi-copy, unidentified
OTU LT1A15, single-copy, unidentified
OTU LT1A16, multi-copy, unidentified
OTU LT1A18, multi-copy, unidentified
OTU LT1A35, multi-copy, unidentified
OTU LT1AS55, multi-copy, unidentified

TABLE 17

Oligonucleotide probes on array of FIG. 17

A B
19p  20P 21P 22P 18P 23P
24P 25P 26P 27P 28P
17p  29P
CY3
9mer
C D
43P  44P 45P 46P 47P 48P 95P 96P 97P 86P 87P &8P
49p  50P 65p 66P 67P 68P 91P 98P 92P 99P 89P  90P
69P 70P 71P  72P 93P  100P 94P 101P 102P
CY3
9mer
E F
15 30p 31P 32P 16P 33P 10P 11P 12P 13P 1P 2P
34p 14P 35P 36P 38 39P 3P 4p 5P 6P 7P 8P
40P  41p
CY3
9mer
G H
51p  52P 53P 54P 55p  56P &3P 81P  73P 74P 75P  76P
57p 58P 60P 61P 62P 63P 84P 85P 82P 80P 77P 78P
79P  106P 107P 108P
103P 104P 105P 109P 110P CY3
9mer

Such taxon-specific arrays may be developed for specific
bodies of water. For example, arrays may be developed for
lakes, marshes, tidal pools, or estuaries. Such arrays may
include probes developed for freshwater systems, as these
may be diagnostic for known pathogens (e.g., coliform bac-
teria) or environmental conditions (e.g., eutrophication).
Also, sequences specific to microbes known to be common in
the body of water of interest may be used. For example, for
estuaries, phytoplankton populations have been described
(Williams, R. B. and M. B. Murdoch 1966, Limnology and
Oceanography 11:73-82., Thayer, G. W., 1971 FEstuaries
12:240-253; Mallin 1994, Mallin, et al. 2000). A review ofthe
literature indicates that many of the sequences that may be
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used are known (Table 18). Using this information, primers
and probes to these common organisms, may be designed.
Finally, probes for the array may be derived by sequencing
clonal libraries derived from field samples as described herein
for the lake samples to develop additional OTUs. For
example, to develop an estuary array, water samples may be
collected every few months in estuarine tidal creeks at various
sites representing a range of estuarine conditions. Specific
sampling locations may be water quality monitoring stations,
and samples may be taken late on the flooding tide and six
hours later on the ebbing tide, to provide a representative
sample of both the community that enters the estuarine site as
well as the community that leaves the estuarine site with the
falling tide.
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TABLE 18-continued

Examples of organisms of interest for North Carolina
estuarine microarray targets based on literature reports*

Examples of organisms of interest for North Carolina
estuarine microarray targets based on literature reports*

Phytoplankton 5 Protozoa
Cyclotella spp. Melosira spp. Kudoa spp.> (K. clupeidae, K. fundulae) Cryptosporidium spp.> 3
Nitzschia spp. Navicula spp. Giardia® 3 Perkinsus marinus®
Psuedo-nitzschia australis® Skeletonema costatum* Haplosporidium?®
Thalassiosira spp. Fungi
Amphidinium spp. Ceratium spp. 10
Chattonella spp.® (C. antiqua, C. verruculosa) — Gymnodinium sanguineum Aphanomyces invadens®
Heterocapsa triquetra* Heterosgima akashiwo®
oo 3 : ;3
Hematodinium perezi Karenia brevis !Genera or species referenced in the literature as commonly found in southeastern estuarine
Karlodinium micrum' Katodinium rotundatum® systems, and likely to be indicators of good ecosystem health (e.g. Campbell, 1973, Univ. of
¢ i i 13 3 F 1 N.C. Sea Grant Publication, UNC-SG-73-07; Mallin, et al. 2000, American Scientist, 88:
Pﬁets'lerla plSClCldéll » b2 shumwayae Prorocentrum minimum 26-37; Shubert, 1984, In Algae as Ecological Markers, Academic Press, NY, p. 434;
Calicomonas ovalis Chlamydomonas spp. 15 Stoermer and Smol, 1999, In The Diatoms: Applications For the Environmental and Earth
Chroomonas spp. (C. minuta, C. amphioxiae) Cyrptomonas testaceae Sciences, Cambridge Univ. Press, Cambridge, UK, page 469; Thayer, 1971, Estuaries, 12:
Hemiselmis virescens Phaeocystis globosa 2240_-253, Wl_lhams and M_urdoch, 196_6, lenology and Oceanography, 11: 73782;_). )
P . FEutreptia® Microbes linked to specific contamination sources (e.g. human sewage) which indicate
yramimonas B . utreptia point or non-point source pollution (e.g. Bernhard and Field, 2000, Applied and Environ-
acteria mental Microbiology, 66: 4641-4648; Lipp, etal. 2001, Marine Pollution Bull., 42: 286-293;
Mallin, et al., 2000b, Ecological Applications, 10: 1047-1056' USEPA, 1985, Test methods
By s for Escherichia coli and Enterococci in water by the membrane filter procedure, EPA600/
Acinetobcter spp. Alcaligenes spp. 20 +850076)
Bacteroides Spp.2 Enterococcus SPP-2 (E. *Known human, fish, or shellfish pathogens or parasites (e.g. DeLeon, et al. 1990, In
faecalis, E. faecium) Proceeding of the Water Quality Conference, San Diego, CA, American Water Works
Escherichi 2,3 (E. coli, E. 1 O157H7) Fl bacteri Association, 18: 833-853; Grimes 1991, Estuaries, 14: 345-360; Kane, et al., 1998, Mary-
Scherichia spp. - COtL, L. col avobaciertim Spp. land Medical Journal, 37: 106-112; Lipp, 1999, Reed and Francis-Floyd, 1996, Vibrio
Oceanospirillum spp. Salmonella spp.=~ (S. Infections of Fish, Florida Cooperative Extension Service, Institute of Food and Agricultural
typhi, S. non-typht) Sciences, University of Florida web-site; Shields, 1997, An investigation into the epidemi-
Psuedomonas aeruginosa Shigella Sp.z’ 3 gtll;%é/usf;[:ﬂrzgizfghui;ne)perezi, a parasitic dinoflagellate in the blue crab, Callinectes
Clostridium Sp-l 3 (C. perfringens, C. 25 “Many of the taxa listed have GenBank sequence entries for one or more species.
botulinum Type E)
Vibrio sp.® (V. anguillarum, V. cholerae 01, . .
V. cholerae non 01, V. parahaemolyticus It should be understood that various changes and modifi-
V. vulnificus cations to the embodiments described herein will be apparent
Virus to those skilled in the art. Such changes and modifications can
30 R . ..
Hepatitis A® Norwalk virus® be made.: Wlthgut deparFmg from .th.e SPmF and scope of the
Adenovirus® rotavirus® present invention and without diminishing its attendant scope
and/or advantages.
SEQUENCE LISTING
<160> NUMBER OF SEQ ID NOS: 388
<210> SEQ ID NO 1
<211> LENGTH: 20
<212> TYPE: DNA
<213> ORGANISM: Artificial Sequence
<220> FEATURE:
<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 1

agagtttgat cctggctcag

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 2
LENGTH: 20
TYPE: DNA

FEATURE:

<400> SEQUENCE: 2

aaggaggtga tccagcegea

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 3
LENGTH: 21
TYPE: DNA

FEATURE:

<400> SEQUENCE: 3

ORGANISM: Artificial Sequence

OTHER INFORMATION: Synthetic

ORGANISM: Artificial Sequence

OTHER INFORMATION: Synthetic

20

20
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-continued

92

aacctggttyg atcctgecag t

<210> SEQ ID NO 4

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 4

tgatccttet gcaggttecac ctac

<210> SEQ ID NO 5

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 5

actaactcaa tagcaggaac gggaatccag aaggagggga cgggcegggec

<210> SEQ ID NO 6

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 6

gatttctcat aaggtgctga aggagtaagg aacaacctcece aatctctagt

<210> SEQ ID NO 7

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 7

agttccggaa caccaacgca cgcagcgaag cgcggaagge taccggaaga

<210> SEQ ID NO 8

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 8

gaaatgtctt attgacatcc cctcagcatt gtcccatget tgaatattca

<210> SEQ ID NO 9

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 9

cccacgegge gggtecaacg ggectgectg gagegetece gtttectegt

<210> SEQ ID NO 10

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

21

24

50

50

50

50

50
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-continued
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<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 10

gaatttcacc acgtacacac ccctaaggge ggactggetg cttecageag

<210> SEQ ID NO 11

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 11

ctttatcate ggactegece ctggecageg ctttegecte tgtegetect

<210> SEQ ID NO 12

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 12

cctecaacca tctectgatg gaactagtta cccegtaaac actcttaggt

<210> SEQ ID NO 13

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 13

acggagacaa acaagcacca acacaagtga agggcacgtt gctccaacca

<210> SEQ ID NO 14

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 14

caagcagaaa ggcacgcgeg caccgtccaa ccagaggetg acagttcaca

<210> SEQ ID NO 15

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 15

gecacgegeat geegtccgac cagaggccga cagcccacac gogeccaaaa
<210> SEQ ID NO 16

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 16

taactgtcce tgatgggact agtagggatt ggtttaaage ctctccctag

<210> SEQ ID NO 17

50

50

50

50

50

50

50
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<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 17

tctcagacgg atgaacgect atacctegac cggagecget gtacaaacgce

<210> SEQ ID NO 18

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 18

acctaatgce acacagatte cacccaagga tggacgaget gceccaagtac

<210> SEQ ID NO 19

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 19

ccatctgege ctcaacatge aggtaaateg taaagaaaag gccaaatage

<210> SEQ ID NO 20

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 20

gtatcacacc agggaggtta ttgaacgcag accacctagg taacacctaa

<210> SEQ ID NO 21

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 21

aaggatgctt tcaggcactg atcgegecaca ctgaggtggg aagtgecegtt

<210> SEQ ID NO 22

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 22

taagtgcaac gggatcctca tgcagaaaga cccgagectg cegtecgace

<210> SEQ ID NO 23

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 23

50

50

50

50

50

50
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aaagtaaacc tgccagcaca gacggacact cggcgaagag cacccegectg

<210> SEQ ID NO 24

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 24

ttaatgccag atatgetete ccecgaggatg getgcagaca catagtacag

<210> SEQ ID NO 25

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 25

agtcgaccag ttctgaccca tgaggecgac cggcetgaget cactctgaac

<210> SEQ ID NO 26

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 26

tcaaacctga ttcaaacccg tatgggtcga teggtegtece tcagcagaaa

<210> SEQ ID NO 27

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 27

tggtaggcta ccactgegea tccacaagga ggcagaaact agccaaccag

<210> SEQ ID NO 28

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 28

gettcatgeca ggagcatcte agcatccagt gttgggacca ggacatactg

<210> SEQ ID NO 29

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 29

gttatgattc tatctcaagg aggagcegtcce tgtgetetee cacttcacte

<210> SEQ ID NO 30

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

50

50

50

50

50

50

50
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<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 30

tccagaaggt gaggccgacg caaagagtac tcaccgctag gtggacccte 50

<210> SEQ ID NO 31

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 31

acagtaaagg acgcaggtcce ggacgecgac aagtgaatge cgacgectte 50

<210> SEQ ID NO 32

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 32

tctetagaag gatgeccaac ccgeaccgge actcacaggce caaaaaggec 50

<210> SEQ ID NO 33

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 33

cgaagacgga tgactaacta tatactgacg taagccagca tataaatage 50

<210> SEQ ID NO 34

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 34

cacaattaag tgcaacggga tcctcatgeca gaaagacceg agectgecegt 50

<210> SEQ ID NO 35

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 35

tattaacgca ctacgeccctg gaaggatget ttcaggcact gatcgegcac 50
<210> SEQ ID NO 36

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 36

acagctacca ccaccctaag gtggggaggt catcccgatce agagattcaa 50

<210> SEQ ID NO 37
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<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 37

ttccaagagg atgccteggt ctaaccagac acaaaccegt atgggteggt 50

<210> SEQ ID NO 38

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 38

aagtgtttte cggaagatgg acgcaaacac ccggtacaca gaccgcegagt 50

<210> SEQ ID NO 39

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 39

taacagaagg atggtagggce ggctcagege actcaacttg agggcaaagt 50

<210> SEQ ID NO 40

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 40

acagtacaag tcttgecgact agaccgteeg geccaaaacce tgaaatccaa 50

<210> SEQ ID NO 41

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 41

aaacaagcca dgtaccgaaag cattecggace gacttetgte cgecgagatce 50

<210> SEQ ID NO 42

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 42

gcaagcggat gactgtcaga atcccegtcet aatgactgaa gacctgaaca 50

<210> SEQ ID NO 43

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 43
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acctaatgce acacagatte cacccaagga tggacgaget gceccaagtac 50

<210> SEQ ID NO 44

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 44

ttcagaaaag aagtgtcgte ccgatcgcac taccgtaagg cggcaagegt 50

<210> SEQ ID NO 45

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 45

aatgccgetyg gtcacacgga agaaagaagce cgaccaaaca gtgcgacttg 50

<210> SEQ ID NO 46

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 46

gtgacagceg aagccgectt tcaatttega accatgeggt tcaaaatgtt 50

<210> SEQ ID NO 47

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 47

ccaacgceggyg ccgatcattt gecgataaat ctttecceeg aagggcacat 50

<210> SEQ ID NO 48

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 48

aggcccgaag gtcccceget ttecatcctca gategtatge ggtattaatce 50

<210> SEQ ID NO 49

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 49

tcctacaccg aaaaacttte cctactcaac ttgtgttaag caggagtata 50

<210> SEQ ID NO 50

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 50

ggtccgaaga tcccecttett taatatgttt tagatgecta aacataccac 50

<210> SEQ ID NO 51

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 51

cgcegegggt ccatctcaaa gcaataaatce tttgataaga aaatcatgeg 50

<210> SEQ ID NO 52

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 52

tcatcttata gcacgaggte cgaagatcce cegetttget ccaaagagat 50

<210> SEQ ID NO 53

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 53

acatccgatyg gcaagaggece cgaaggtccce cctetttggt cttgegacgt 50

<210> SEQ ID NO 54

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 54

caattctggg aagcgtggea ttaatactga attgtcatca tcatgcatcg 50

<210> SEQ ID NO 55

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 55

ggttgatgaa aaagcatttg gagccgcgaa atttaccagt gtcttaaaac 50
<210> SEQ ID NO 56

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 56

tgtccgatte agcacgggta aatagtegta ttgttagtgg ccgaatttaa 50

<210> SEQ ID NO 57
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<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 57

ttgctggaga gtectteteg ggtatcgatt gtcgaagata aacatattta 50

<210> SEQ ID NO 58

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 58

gtggtggatt acgccatgac atgggaggat taacgggggg gagtaatage 50

<210> SEQ ID NO 59

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 59

tctggagtat caagcactta taacctaata acacaaaacc ctcttectgg 50

<210> SEQ ID NO 60

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 60

gecectgacgt atggegggta cgaaatgaag ccagtgacgg tgaccattac 50

<210> SEQ ID NO 61

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 61

actggcggga acacatgaaa acgtaaccac gctaccagta gccagaagaa 50

<210> SEQ ID NO 62

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 62

ccattaaaac taatgectgt cataatggag ggggattcag cgaagttatt 50

<210> SEQ ID NO 63

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 63
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aagacatctt caccgttcac gatattttga aagcacgagg ggaaatctga 50

<210> SEQ ID NO 64

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 64

caccgteget ttaaaacgeg cccggtggga gaatcgtegt tgtacattta 50

<210> SEQ ID NO 65

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 65

tttcetgateg cgttgetgeg ctgatcaaag aagtaaacaa agcagcttaa 50

<210> SEQ ID NO 66

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 66

atggcatceg tggtatceceg actctgetge tgttcaaaaa cggtgaagtg 50

<210> SEQ ID NO 67

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 67

aggctcatce atctgegaca cgecgaaage cacctttaat ccacagatat 50

<210> SEQ ID NO 68

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 68

aatccttaaa agtcggtegt agtccggatt ggagtcetgea actcgactcece 50

<210> SEQ ID NO 69

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 69

atctccgage aataaatctt tacccgaaaa atcttatgat ctctegggac 50

<210> SEQ ID NO 70

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 70

tcatctgata gegtgaggte cgaagatcece ccactttete cctcaggacg 50

<210> SEQ ID NO 71

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 71

atctgacgeg ggcccatcca tcagegataa atctttecte cgtagagaat 50

<210> SEQ ID NO 72

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 72

cttggtgage cgttacctca ccaacaaget aatcccatcet gggcacatct 50

<210> SEQ ID NO 73

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 73

atcccacctyg ggcatatceg gtagegcaag geccgaaggt cccctgettt 50

<210> SEQ ID NO 74

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 74

tctgggttca tccgatggeg tgaggeccta aggtccccca ctttgetett 50

<210> SEQ ID NO 75

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 75

tcaagaccca cggctattaa ccgtaagett ttecteectg ctgaaagtge 50
<210> SEQ ID NO 76

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 76

gecggtgett attcatatge taccgtcatt ttettgacat ataaaaggag 50

<210> SEQ ID NO 77
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<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 77

gtaccgtcag accatggctg attagcacca tggeggttet tcectectga 50

<210> SEQ ID NO 78

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 78

caaggtaccg ccctatttga acggtacttg ttcettecccta gcaacagagce 50

<210> SEQ ID NO 79

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 79

tattcataag gtacatacaa aacaccacac gtggcgaact ttattccctt 50

<210> SEQ ID NO 80

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 80

tattcataaa gtacatgcaa acgggtatgce atacccgact ttattccttt 50

<210> SEQ ID NO 81

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 81

tattcatacg gtacatacaa aaaggcacac gtgcctcact ttattccegt 50

<210> SEQ ID NO 82

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 82

aggcccgaag gtccceeget ttecatcegta gategtatge ggtattaatce 50

<210> SEQ ID NO 83

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 83
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cggtaccgte atcccccgac tgtattagag ccaaggattt cttteceggac 50

<210> SEQ ID NO 84

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 84

agccgcaage ttetetttag geggaaatce atttcacteg aaagcatatg 50

<210> SEQ ID NO 85

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 85

agacgcgage tcatcctcag gegaaattca tttcacctet cggcatatgg 50

<210> SEQ ID NO 86

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 86

ccatcgcagt aatggagtta agetccacge tttgacgaca gacttaaaag 50

<210> SEQ ID NO 87

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 87

ccatcgetga aatggagttg agetccacge tttaacgaca gacttgtaaa 50

<210> SEQ ID NO 88

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 88

cgctctagta gcacaaggece cgaaggtccece ctgetttecat ccatagatct 50

<210> SEQ ID NO 89

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 89

tcagtgacge aaaagcgect ttcaacttte ttecatgegg aaaatagtgt 50

<210> SEQ ID NO 90

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:
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<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 90

tcctgaageg ataaatcttt agacacaagt cgatgecgac tegtgaccac 50

<210> SEQ ID NO 91

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 91

aggtcatctt caaccgaaaa actttccage cccgatcatg cgatcagage 50

<210> SEQ ID NO 92

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 92

tcatcttcaa ccgaaaaact ttccaaacce geggatgece gcaggtttca 50

<210> SEQ ID NO 93

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 93

cagacgcgag ctcttectaa ggtggataaa tecttttace tceteggegta 50

<210> SEQ ID NO 94

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 94

ggcegeteca ggagcacgag gtcttgegat ccccegettt catccttaga 50

<210> SEQ ID NO 95

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 95

atctttcate aaaatttttt cceggetegg cgatgecgece aagacggagt 50
<210> SEQ ID NO 96

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 96

tcatgtaage cgctecteeg geggaatcac acctttgete cgcagagtte 50

<210> SEQ ID NO 97
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<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 97

tattcttaaa gcgccaggece ttgeggtece cagettttet cctcagagat 50

<210> SEQ ID NO 98

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 98

ctccatcage geocttgega gettteatee cttetgegac gaagggatceg 50

<210> SEQ ID NO 99

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 99

ggggcacggg ctcatcttgg ggcggaatca cacctttggt ccgcaaacat 50

<210> SEQ ID NO 100

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 100

tccttgacca aaattettte cacgecegtg ggatgeccca aggegtegta 50

<210> SEQ ID NO 101

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 101

tgatatcgge cgctecaate gegegaggte ttgegatcce cegettteat 50

<210> SEQ ID NO 102

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 102

getettgega getcecttte cegaaaaact ccttacgagt teegtegetce 50

<210> SEQ ID NO 103

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 103
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agacgcgage ttetetttag geggattact ccatttcact cggaagcata 50

<210> SEQ ID NO 104

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 104

cgctecaata gegagaggte ttgegatcee ceectttecac ccgaaggteg 50

<210> SEQ ID NO 105

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 105

cggtcccage ctttecagta atctetetet agactactge ttacgacgta 50

<210> SEQ ID NO 106

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 106

taatcctaaa gcgccaggece ttgeggtece cagetttect cctaagagat 50

<210> SEQ ID NO 107

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 107

gtccceeget ttcatccata gatcegtatge ggtattageg taactttege 50

<210> SEQ ID NO 108

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 108

caatattcgg tattagcacce ggtttecegg tgttatccca aagtggaggg 50

<210> SEQ ID NO 109

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 109

aggtcttgeg atcccccect ttecaccegta ggtegtatge ggtattaatce 50

<210> SEQ ID NO 110

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:



US 8,048,623 B1
123 124

-continued

<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 110

cagcttttet cctcagagat tacgeggtat tagectgagt ttcecccaggt 50

<210> SEQ ID NO 111

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 111

ctttecccect cagggegtat geggtattag cgcaacttte getgegttat 50

<210> SEQ ID NO 112

<211> LENGTH: 50

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 112

cagacgcgag ctcttectaa ggtggataga tecttttace tceteggcata 50

<210> SEQ ID NO 113

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 113

tgacgggcgg tgtgtacaag gcccg 25

<210> SEQ ID NO 114

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 114

atacaggcgce tcgataagag 20

<210> SEQ ID NO 115

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 115

agctgctagg ggagtcatte 20
<210> SEQ ID NO 116

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 116

aactcgactt tatggaaggg 20

<210> SEQ ID NO 117
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<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 117

caaagtccct ctaagaagac 20

<210> SEQ ID NO 118

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 118

ttggctttag ccggcgatag 20

<210> SEQ ID NO 119

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 119

aagccaaggt aggcgtttcece 20

<210> SEQ ID NO 120

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 120

gacgacacat aactctagag 20

<210> SEQ ID NO 121

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 121

tcatccaatc cttggttgac 20

<210> SEQ ID NO 122

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 122

aacttgccca atgcgcgg 18

<210> SEQ ID NO 123

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 123
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gggaatacgg tggtgtctg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 124

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 124

gattggaatg atgggaatcc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 125

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 125

aggagaagtc aagtatgacg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 126

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 126

geggtagtaa ggagacgtyg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 127

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 127

gcatcggeat cgtttactge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 128

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 128

ttcggtggty aggtattatce

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 129

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 129

aagatcgetyg ggatagtgte

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 130

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

19

20

20

19

20

20

20
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<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 130

atcgagtatc aattggaggg

<210> SEQ ID NO 131

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 131

gacggggtca atacaacgac

<210> SEQ ID NO 132

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 132

gccaatggte ttettattgg

<210> SEQ ID NO 133

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 133

gaggtcgtaa attgacactce

<210> SEQ ID NO 134

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 134

ttcaaaccgyg cctegttetg

<210> SEQ ID NO 135

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 135

cccataacca acgaaatage

<210> SEQ ID NO 136

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 136

ttagcgaatc gtggcacgte

<210> SEQ ID NO 137

20

20

20

20

20

20

20
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<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 137

aatgtattcc tgcaaacgcce 20

<210> SEQ ID NO 138

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 138

gggttcttac gaactttggg 20

<210> SEQ ID NO 139

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 139

ctgatcgggce ttgaaagacce 20

<210> SEQ ID NO 140

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 140

tatcgaggac caattggagg 20

<210> SEQ ID NO 141

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 141

gacggagtca atacaacgac 20

<210> SEQ ID NO 142

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 142

tggactcttt tgagtccgge 20

<210> SEQ ID NO 143

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 143



133

US 8,048,623 B1

-continued

134

atcaatacta acacccaccyg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 144

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 144

taacgatagc gggctegtte

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 145

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 145

catagggtge tgatagagtc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 146

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 146

ccgagattte tcggaaattg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 147

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 147

tttctcacga gctgctgagyg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 148

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 148

atggtggagg tgattcattc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 149

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 149

aattgacatc cactgatcce

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 150

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

20

20

20

20

20

20

20
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<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 150

gatacaggac tcatccgagg

<210> SEQ ID NO 151

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 151

aaacgcctge agatcgetag

<210> SEQ ID NO 152

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 152

acaatgccgyg gectttcaag

<210> SEQ ID NO 153

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 153

tggagtcgtt acaaacttcc

<210> SEQ ID NO 154

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 154

tcggegacga tgattcatte

<210> SEQ ID NO 155

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 155

tgaacaaacc acgcccaatce

<210> SEQ ID NO 156

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 156

cggtttaceyg gcgatagatc

<210> SEQ ID NO 157

20

20

20

20

20

20

20
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<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 157

ttectectegag gtgctgaagy 20

<210> SEQ ID NO 158

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 158

aatcggatcg catgggctag 20

<210> SEQ ID NO 159

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 159

gaacgggata attctcgccce 20

<210> SEQ ID NO 160

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 160

cccacttatg tgggtttgac 20

<210> SEQ ID NO 161

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 161

gaagtagagg atcttgccte 20

<210> SEQ ID NO 162

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 162

gacagcttcet ttaatggagg 20

<210> SEQ ID NO 163

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 163
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atctgttggt cctccaaatc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 164

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 164

aatacagggce tctttgagte

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 165

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 165

aagacgtacc accgatcctg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 166

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 166

taacaatgcg gagccttegg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 167

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 167

aagaacgtce gccaatcctg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 168

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 168

tatctggege ttttgegteg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 169

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 169

caacgtctac ccatcccaag

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 170

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

20

20

20

20

20

20

20
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<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 170

actcgggaac ctagttctac

<210> SEQ ID NO 171

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 171

tctettacgyg cgccgaaaag

<210> SEQ ID NO 172

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 172

agggccaacyg gtcttgttat

<210> SEQ ID NO 173

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 173

tcgcaaattyg acatccactg

<210> SEQ ID NO 174

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 174

ctcteteega gtatcaattg

<210> SEQ ID NO 175

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 175

acttccctca atcgctagte

<210> SEQ ID NO 176

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 176

gcagagctte acagttttge

<210> SEQ ID NO 177

20

20

20

20

20

20

20
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<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 177

agacgtctcce tgatcgcaag 20

<210> SEQ ID NO 178

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 178

atacgtcceg ggactgcaat 20

<210> SEQ ID NO 179

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 179

cgaaggcgga taattctecge 20

<210> SEQ ID NO 180

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 180

acaatgcagg gcctttacgg 20

<210> SEQ ID NO 181

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 181

gaataacact cactgatccce 20

<210> SEQ ID NO 182

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 182

atacaggact catccgaggce 20

<210> SEQ ID NO 183

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 183
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aaacgcctge agatcgetag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 184

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 184

ctttacaggt ctggcaattg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 185

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 185

catacagtge tgacagggtc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 186

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 186

cagggecttt tcaggtettg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 187

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 187

cacaaggtgc caacagagtc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 188

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 188

aacaatgtct ggccctacgg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 189

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 189

gtaaacaacg cccaccgate

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 190

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

20

20

20

20

20

20

20
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<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 190

gagggcaagt ctggtgccag

<210> SEQ ID NO 191

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 191

cgaatggatt aagagcttge

<210> SEQ ID NO 192

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 192

tgccagetta ttcaactage

<210> SEQ ID NO 193

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 193

gaacgtacca tttgctacgg

<210> SEQ ID NO 194

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 194

accgtcatta tcttcaccgg

<210> SEQ ID NO 195

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 195

acgggctteg gectggtyg

<210> SEQ ID NO 196

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 196

tcegggtatt agccagaatg

<210> SEQ ID NO 197

20

20

20

20

20

18

20
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<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 197

gcttgctaga agtggattag 20

<210> SEQ ID NO 198

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 198

cgtcagaatt cttccctaag 20

<210> SEQ ID NO 199

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 199

tttagtggcg gaagggttag 20

<210> SEQ ID NO 200

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 200

atctctectta ttcccaageg 20

<210> SEQ ID NO 201

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 201

aagcttectt cgggaagtgg 20

<210> SEQ ID NO 202

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 202

ggtaccgtca ttatcgtcc 19

<210> SEQ ID NO 203

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 203
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ataacctggyg gaaactcggg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 204

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 204

ccaaggatat tacccttgag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 205

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 205

agaagcttge ttetttgetg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 206

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 206

ttcctecceyg ctgaaagtac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 207

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 207

caattctggyg aagcgtgg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 208

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 208

cgatgcatga tgatgaca

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 209

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 209

gtggtggatt acgccatg

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 210

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

20

20

20

20

18

18

18
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<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 210

gctattacte cccceegt 18

<210> SEQ ID NO 211

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 211

tctggagtat caagcact 18

<210> SEQ ID NO 212

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 212

ccaggaagag ggttttgt 18

<210> SEQ ID NO 213

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 213

gccctgacgt atggeggg 18

<210> SEQ ID NO 214

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 214

gtaatggtca ccgtcact 18

<210> SEQ ID NO 215

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 215

aagacatctt caccgttce 18
<210> SEQ ID NO 216

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 216

tcagatttce cctegtge 18

<210> SEQ ID NO 217
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<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 217

atggcatccg tggtatcce 18

<210> SEQ ID NO 218

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 218

cacttcaccg tttttgaa 18

<210> SEQ ID NO 219

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 219

aacagcttge tgtttcgetg 20

<210> SEQ ID NO 220

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 220

ttectecceg ctgaaagtac 20

<210> SEQ ID NO 221

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 221

caggtcttag gatgctgacg 20

<210> SEQ ID NO 222

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 222

aaggctatta accttgaggce 20

<210> SEQ ID NO 223

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 223
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agactatcta cttectggtge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 224

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 224

atacaggtgce tgcatggetg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 225

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 225

gagtagcaat actcagcggce

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 226

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 226

taccatcatc acattgctge

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 227

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 227

gagcttgete ctggattcag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 228

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 228

gtaacgtcaa aacagcaagg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 229

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 229

agttaattag tggcagacgg

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 230

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

20

20

20

20

20

20

20
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<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 230

actaaaccge ctacgcactce

<210> SEQ ID NO 231

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 231

agcttgetge tttgctgacy

<210> SEQ ID NO 232

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 232

taaccacaac accttcctcece

<210> SEQ ID NO 233

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 233

gaacttgtte cttgggtgge

<210> SEQ ID NO 234

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 234

ttaaccacct tccteectac

<210> SEQ ID NO 235

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 235

gtagtttact actttgccgg

<210> SEQ ID NO 236

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 236

gagcgtatta aactcaacce

<210> SEQ ID NO 237

20

20

20

20

20

20

20
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<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 237

gcaaagtggc cctcectgatte 20

<210> SEQ ID NO 238

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 238

ccataaatga acccaacggc 20

<210> SEQ ID NO 239

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 239

accggataca ccttcatacce 20

<210> SEQ ID NO 240

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 240

ccgcaatgac aagcatcacg 20

<210> SEQ ID NO 241

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 241

acgctccgat ttcacagtte 20

<210> SEQ ID NO 242

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 242

aagtccagca gtatcaaggg 20

<210> SEQ ID NO 243

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 243
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tgggtttacce taacactacg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 244

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 244

tagagtcgag ttacagaccg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 245

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 245

atcatgagtt cacatgtccg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 246

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 246

caatcggagt tcttegtg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 247

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 247

atcatgagtt cacatgtccg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 248

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 248

caatcggagt tcttegtg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 249

LENGTH: 17

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 249

geegtetact cttggec

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 250

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

20

20

20

18

20

18

17
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<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 250

cctgecteta ctgtacte

<210> SEQ ID NO 251

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 251

acgggtgett gcacctgg

<210> SEQ ID NO 252

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 252

cgactgtatt agagccaagg

<210> SEQ ID NO 253

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 253

gttggccgat ggctgattag

<210> SEQ ID NO 254

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 254

tctgecatac tctagectge

<210> SEQ ID NO 255

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 255

acatgcaagt cgtacgagag

<210> SEQ ID NO 256

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 256

acacgtcatt tattcctece

<210> SEQ ID NO 257

18

18

20

20

20

20

20
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<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 257

acgaaccttc gggttagtgg 20

<210> SEQ ID NO 258

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 258

tcaagtaccg tcagatctte 20

<210> SEQ ID NO 259

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 259

aaaggcctac caaggctteg 20

<210> SEQ ID NO 260

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 260

ggcactctet cgttteccaag 20

<210> SEQ ID NO 261

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 261

aaaggcttac caaggcattg 20

<210> SEQ ID NO 262

<211> LENGTH: 17

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 262

ccteceggttt cccagag 17

<210> SEQ ID NO 263

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 263
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gtaacaggtc tttcgggatg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 264

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 264

caagactttt cgttcecgtac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 265

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 265

tcttteaceyg gagettgete

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 266

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 266

ctctcatcect tgttettete

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 267

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 267

acggtcegegt aacacgtaag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 268

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 268

cgtcaaattt cttcecacte

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 269

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 269

atgaagctac ttcggtagtg

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 270

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

20

20

20

20

20

20

20
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<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 270

tgtaggtacc gtcacttteg

<210> SEQ ID NO 271

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 271

atgaagcacc ttcgggtgtg

<210> SEQ ID NO 272

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 272

tgcaggtacce gtcacttteg

<210> SEQ ID NO 273

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 273

gatctttgat cttagtggceg

<210> SEQ ID NO 274

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 274

tcaagtaccyg tcagaacttce

<210> SEQ ID NO 275

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 275

aacgtaccca agagtggg

<210> SEQ ID NO 276

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 276

aaggatatta gcctctaceg

<210> SEQ ID NO 277

20

20

20

20

20

18

20
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<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 277

tgaagttcct tcgggaatgg 20

<210> SEQ ID NO 278

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 278

ttctteecta ctgaaagagg 20

<210> SEQ ID NO 279

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 279

ctcatcagca atggtgggag 20

<210> SEQ ID NO 280

<211> LENGTH: 19

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 280

tcaactccgg aggagaacce 19

<210> SEQ ID NO 281

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 281

ggcagcacgg tctagtttac 20

<210> SEQ ID NO 282

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 282

tcaaatcctce ctcceccactyg 20

<210> SEQ ID NO 283

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 283
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gtcagacttc ggtctgattyg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 284

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 284

ggtacttett cccgagcaac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 285

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 285

atgtagcaat acaggacagc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 286

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 286

cgtacatttyg attccctacyg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 287

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 287

atgaagctgyg agcttgetee

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 288

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 288

gegageteat ccttgace

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 289

LENGTH: 18

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 289

acgggagcaa tcctggtg

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 290

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

20

20

20

20

20

18

18
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<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 290

ccactgtatt agagcagacc 20

<210> SEQ ID NO 291

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 291

acggcttegg cctagtaaag 20

<210> SEQ ID NO 292

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 292

agggctgttc accctaatgg 20

<210> SEQ ID NO 293

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 293

ttaacttaag tggcggacgg 20

<210> SEQ ID NO 294

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 294

ggtacacgtc gttttattcce 20

<210> SEQ ID NO 295

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 295

taacgcgggg caacctgg 18
<210> SEQ ID NO 296

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 296

gggtattagc ccagagcg 18

<210> SEQ ID NO 297
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<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 297

agagtttgat cctggctcag 20

<210> SEQ ID NO 298

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 298

acggaggtag caatacctta 20

<210> SEQ ID NO 299

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 299

gtgcttctte ttececggtacce 20

<210> SEQ ID NO 300

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 300

ttcggttatg ttgatggcga 20

<210> SEQ ID NO 301

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 301

tcgggtaacg tcaataaacc 20

<210> SEQ ID NO 302

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 302

aaccceggtg gegagtgg 18

<210> SEQ ID NO 303

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 303
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aaccctggtg gecgagtgg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 304

LENGTH: 19

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 304

ttcttacggt accgtcatg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 305

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 305

gagcgatgaa gtttettegg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 306

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 306

agccggtget tettttgtag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 307

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 307

ggtaacaggt taagctgacyg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 308

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 308

cagagtatta atccgaagceg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 309

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 309

ggtctagttt actagatggg

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 310

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

18

19

20

20

20

20

20
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<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 310

ttettetgtg ggtaacgtece 20

<210> SEQ ID NO 311

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 311

catcggaacg taccttatcg 20

<210> SEQ ID NO 312

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 312

cgcagtetgt gttagagetg 20

<210> SEQ ID NO 313

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 313

cgtgagaatc tacccttagg 20

<210> SEQ ID NO 314

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 314

gcttgcatee tcectgtattac 20

<210> SEQ ID NO 315

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 315

tgtcgtcage tegtgtceg 18
<210> SEQ ID NO 316

<211> LENGTH: 18

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 316

aaggaggtga tccagccg 18

<210> SEQ ID NO 317



US 8,048,623 B1
185 186

-continued
<211> LENGTH: 1442
<212> TYPE: DNA
<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 317
aaattgaaga gtttgatcat ggctcagatt gaacgcetgge ggcaggccta acacatgcaa 60
gtegaacggt aacaggaaga agcettgette tttgetgacyg agtggeggac gggtgagtaa 120
tgtctgggaa actgectgat ggagggggat aactactgga aacggtaget aataccgceat 180
aacgtcgcaa gaccaaagag ggggacctte gggectettyg ccatecggatyg tgcccagatg 240
ggattagcta gtaggtgggyg taacggctceca cctaggegac gatccctage tggtectgaga 300
ggatgaccag ccacactgga actgagacac ggtccagact cctacgggag gecagcagtgyg 360
ggaatattge acaatgggeg caagectgat gcagecatge cgegtgtatg aagaaggect 420
tegggttgta aagtacttte ageggggagyg aagggagtaa agttaatacce tttgetcatt 480
gacgttacce gcagaagaag caccggctaa ctcegtgeca geageegegg taatacggag 540
ggtgcaageyg ttaatcggaa ttactgggeg taaagegcac gecaggeggtt tgttaagtcea 600
gatgtgaaat cccecgggete aacctgggaa ctgcatctga tactggcaag cttgagtete 660
gtagagggygyg gtagaattce aggtgtageg gtgaaatgeyg tagagatctg gaggaatacce 720

ggtggcgaag geggecccect ggacgaagac tgacgctcag gtgcgaaage gtggggagea 780

aacaggatta gataccctgg tagtccacge cgtaaacgat gtcgacttgg aggttgtgece 840
cttgaggegt ggettecgga getaacgegt taagtcgace gectggggag tacggecgca 900
aggttaaaac tcaaatgaat tgacggggge ccgcacaage ggtggageat gtggtttaat 960

tcgatgcaac gcgaagaacc ttacctggtce ttgacatcca cggaagtttt cagagatgag 1020
aatgtgcctt cgggaaccgt gagacaggtg ctgcatggct gtcgtcaget cgtgttgtga 1080
aatgttgggt taagtcccgce aacgagcgca acccttatcce tttgttgcca geggtcecggce 1140
cgggaactca aaggagactg ccagtgataa actggaggaa ggtggggatyg acgtcaagte 1200
atcatggcce ttacgaccag ggctacacac gtgctacaat ggcgcataca aagagaagcg 1260
acctcgegag agcaagcgga cctcataaag tgcgtcgtag tccggattgg agtctgcaac 1320
tcgactcecat gaagtcggaa tcegctagtaa tcgtggatca gaatgccacg gtgaatacgt 1380
tceegggect tgtacacacce geccgtcaca ccatgggagt gggttgcaaa agaagtaggt 1440
ag 1442
<210> SEQ ID NO 318

<211> LENGTH: 1798

<212> TYPE: DNA

<213> ORGANISM: Saccharomyces cerevisiae

<400> SEQUENCE: 318

tatctggttyg atcctgecag tagtcatatg cttgtctcaa agattaagec atgcatgtcet 60
aagtataagc aatttataca gtgaaactge gaatggctca ttaaatcagt tatcgtttat 120
ttgatagttc ctttactaca tggtataacc gtggtaattc tagagctaat acatgcttaa 180
aatctcgace ctttggaaga gatgtattta ttagataaaa aatcaatgte ttcegcactcet 240
ttgatgattc ataataactt ttcgaatecge atggecttgt getggegatg gttcattcaa 300
atttctgece tatcaacttt cgatggtagg atagtggect accatggttt caacgggtaa 360
cggggaataa gggttegatt ceggagaggg agectgagaa acggctacca catccaagga 420

aggcagcagyg cgcgcaaatt acccaatect aattcaggga ggtagtgaca ataaataacg 480
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atacagggcece cattegggte ttgtaattygyg
aacaattgga gggcaagtct ggtgecagea
attaaagttg ttgcagttaa aaagctegta
attttttegt gtactggatt tccaacgggy
tggctettgyg cgaaccagga cttttacttt
ttgctecgaat atattagcat ggaataatag
tctaggacca tcgtaatgat taatagggac
gtgaaattct tggatttatt gaagactaac
cattaatcaa gaacgaaagt taggggatcyg
cataaactat gccgactaga tcgggtggty
agaaatcaaa gtctttgggt tctgggggga
ttgacggaag ggcaccacta ggagtggage
ctcaccaggt ccagacacaa taaggattga
gtggtggtge atggcegttt ctcagttggt
gaacgagacc ttaacctact aaatagtggt
agggactatce ggtttcaage cgatggaagt
agaacgttet gggecgcacg cgcgctacac
agaggtcttyg gtaatettgt gaaactecegt
ctettcaacyg aggaattcct agtaagegea
cectttgtac acaccgeceg tcgctagtac
ctgcttagag aagggggcaa ctccatctcea
tagaggaact aaaagtcgta acaaggtttce
<210> SEQ ID NO 319

<211> LENGTH: 101

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 319

aacacatgca agtcgaacgg taacaggaag
cgggtgagta atgtetggga aactgectga
<210> SEQ ID NO 320

<211> LENGTH: 91

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 320

aaacggtage taataccgca taacgtegea
gccatceggat gtgecccagat gggattaget
<210> SEQ ID NO 321

<211> LENGTH: 81

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 321

aaagtacttt cageggggag gaagggagta

cgcagaagaa gcaccggceta a

aatgagtaca atgtaaatac cttaacgagg

gecgeggtaa ttccagetcece aatagegtat

gttgaacttt gggcceggtt ggceggtecg

cctttectte tggctaacct tgagtecttg

gaaaaaatta gagtgttcaa agcaggcgta

aataggacgt ttggttctat tttgttggtt

ggteggggge atcggtatte aattgtcgag

tactgcgaaa gcatttgcca aggacgtttt

aagatgatct ggtaccgteg tagtcttaac

tttttttaat gacccactcg gtaccttacg

gtatggtcge aaggctgaaa cttaaaggaa

ctgeggetaa tttgactcaa cacggggaaa

cagattgaga gctctttett gattttgtgg

ggagtgattt gtctgcttaa ttgcgataac

gctageattt gctggttatce cacttcttag

ttgaggcaat aacaggtctg tgatgececctt

tgacggagce agcgagtcta accttggecyg

cgtgctgggyg atagagcatt gtaattattg

agtcatcage ttgcgttgat tacgtcectg

cgattgaatg gcttagtgag gectcaggat

gagcggagaa tttggacaaa cttggtcatt

cgtaggtgaa cctgcggaag gatcatta

aagcttgett ctttgectgac gagtggegga

tggaggggga t

agaccaaaga gggggacctt cgggectett

a

aagttaatac ctttgctcat tgacgttacc

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1798

60

101

60

91

60

81
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<210> SEQ ID NO 322

<211> LENGTH: 61

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 322

tgtcgacttyg gaggttgtge ccttgaggeyg tggetteegyg agetaacgeyg ttaagtcgac
c

<210> SEQ ID NO 323

<211> LENGTH: 61

<212> TYPE: DNA

<213> ORGANISM: Escherichia coli
<400> SEQUENCE: 323

caacgagcge aacccttate ctttgttgee ageggteegg cegggaacte aaaggagact

g

<210> SEQ ID NO 324

<211> LENGTH: 501

<212> TYPE: DNA

<213> ORGANISM: Saccharomyces cerevisiae

<400> SEQUENCE: 324

catgcatgtce taagtataag caatttatac agtgaaactg cgaatggctc attaaatcag
ttatcgttta tttgatagtt cctttactac atggtataac cgtggtaatt ctagagctaa
tacatgctta aaatctcgac cctttggaag agatgtattt attagataaa aaatcaatgt
cttegeacte tttgatgatt cataataact tttecgaateg catggecttyg tgetggegat
ggttcattca aatttctgec ctatcaactt tcgatggtag gatagtggec taccatggtt
tcaacgggta acggggaata agggttcgat tceggagagg gagectgaga aacggctace
acatccaagg aaggcagcag gcgcgcaaat tacccaatec taattcaggg aggtagtgac
aataaataac gatacagggc ccattcgggt cttgtaattg gaatgagtac aatgtaaata
ccttaacgag gaacaattgg a

<210> SEQ ID NO 325

<211> LENGTH: 201

<212> TYPE: DNA

<213> ORGANISM: Saccharomyces cerevisiae

<400> SEQUENCE: 325

tattaaagtt gttgcagtta aaaagctegt agttgaactt tgggcecggt tggecggtece
gatttttteg tgtactggat ttccaacggg gectttectt ctggetaacce ttgagtectt
gtggctetty gecgaaccagg acttttactt tgaaaaaatt agagtgttca aagcaggegt
attgctcgaa tatattagca t

<210> SEQ ID NO 326

<211> LENGTH: 71

<212> TYPE: DNA

<213> ORGANISM: Saccharomyces cerevisiae

<400> SEQUENCE: 326

tggaataata gaataggacg tttggttecta ttttgttggt ttctaggace atcgtaatga

ttaataggga ¢

<210> SEQ ID NO 327

60

61

60

61

60

120

180

240

300

360

420

480

501

60

120

180

201

60

71
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<211> LENGTH: 101
<212> TYPE: DNA
<213> ORGANISM: Saccharomyces cerevisiae

<400> SEQUENCE: 327
tggtaccgte gtagtcttaa ccataaacta tgecgactag atcgggtggt gtttttttaa

tgacccacte ggtaccttac gagaaatcaa agtctttggg t

<210> SEQ ID NO 328

<211> LENGTH: 101

<212> TYPE: DNA

<213> ORGANISM: Saccharomyces cerevisiae

<400> SEQUENCE: 328
tgctagcatt tgctggttat ccacttectta gagggactat cggtttcaag ccgatggaag

tttgaggcaa taacaggtct gtgatgeect tagaacgtte t

<210> SEQ ID NO 329

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 329

tcaccagttt taccctagge ggctecttac ggttaccgac tttaggtaca cceggettece

<210> SEQ ID NO 330

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 330

ggaagceggg tgtacctaaa gtcggtaace gtaaggagee gectagggta aaactggtga

<210> SEQ ID NO 331

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 331

tcggecacac cgtggcaage gecccecttyg cggttaaget acctgettet ggtgcaacaa

<210> SEQ ID NO 332

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 332

ttgttgcace agaagcaggt agcttaaccyg caagggggge gettgecacg gtgtggecga

<210> SEQ ID NO 333

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 333

60

101

60

101

60

60

60

60
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ctagttacca gttttaccct aggcagetce ttgeggtcac cgacttcagg cacccccage

<210> SEQ ID NO 334

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 334

getgggggty cctgaagteg gtgaccgcaa ggagctgect agggtaaaac tggtaactag

<210> SEQ ID NO 335

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 335

gaaccctgee gtggtaateg cectecttge ggttaggeta actacttetyg gecagaacceg

<210> SEQ ID NO 336

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 336

cgggttetge cagaagtagt tagectaace gcaaggaggg cgattaccac ggcagggtte

<210> SEQ ID NO 337

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 337

accagcctta ccttaggacg ctgecccctt geggttggeg tgcatactte gggtgegace

<210> SEQ ID NO 338

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 338

ggtcgcacce gaagtatgca cgccaaccge aagggggcag cgtcectaagyg taaggetggt

<210> SEQ ID NO 339

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 339

accagcctta ccttaggacg ctgeccectt geggttggeg cgcatactte gggtgegace

<210> SEQ ID NO 340

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

60

60

60
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60
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<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 340

ggtcgecacce gaagtatgeg cgccaaccge aagggggcag cgtcectaagyg taaggetggt

<210> SEQ ID NO 341

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 341

gtcaccagtt ttaccctagg

<210> SEQ ID NO 342

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 342

aactgcegte gtaagacgtg

<210> SEQ ID NO 343

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 343

agtcatcgge cacaccgtygg

<210> SEQ ID NO 344

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 344

aactctaagyg agactgccgg

<210> SEQ ID NO 345

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 345

cctagttace agttttacce

<210> SEQ ID NO 346

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 346

aagactgcca gtgcaaactg

<210> SEQ ID NO 347

60

20
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<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 347

acgaaccctyg ccgtggtaat

<210> SEQ ID NO 348

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 348

ataaagccag tcgtagteeg

<210> SEQ ID NO 349

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 349

acttcatcce agttaccage

<210> SEQ ID NO 350

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 350

acaatgagaa ccgatgccge

<210> SEQ ID NO 351

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 351

caactctege ggggagggat gtatttatta gataaaaaac caatgegggt tcetgetegece

<210> SEQ ID NO 352

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 352

ggcgagcaga acccgcattg gttttttate taataaatac atcccteccce gegagagttg

<210> SEQ ID NO 353

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 353

20

20
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20
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actttacgaa ggggcgcettt tattagatca aaatcaatca ggagcaatce tgtttttgtg

<210> SEQ ID NO 354

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 354

cacaaaaaca ggattgctce tgattgattt tgatctaata aaagcgccce ttcegtaaagt

<210> SEQ ID NO 355

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 355

gacccgacge aaggacggtc gcatttatta gaacaaagcce atccggtcecce cgggaccgta

<210> SEQ ID NO 356

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 356

tacggtcceg gggaccggat ggetttgtte taataaatge gacegtceett gegtegggte

<210> SEQ ID NO 357

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 357

tgcgggacga gcgcatttat tagaacaaaa ccatccggac tetegegagt cegttgetgg

<210> SEQ ID NO 358

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 358

ccagcaacgg actcgegaga gtccggatgg ttttgttceta ataaatgege tcegtceccegca

<210> SEQ ID NO 359

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 359

cattttggga aactatggct aatacatgct tacagacctt cgggttgtat ttattagttt

<210> SEQ ID NO 360

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

60
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<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 360

aaactaataa atacaacccg aaggtctgta agecatgtatt agccatagtt tcccaaaatg

<210> SEQ ID NO 361

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 361

gaccttegga aagagcgcat ttattagacc aaaaccagte gagtttegge ttgtttgttg

<210> SEQ ID NO 362

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 362

caacaaacaa gccgaaactce gactggtttt ggtctaataa atgegetett tccgaaggte

<210> SEQ ID NO 363

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 363

caataccctt ctggggtagt atttattaga aagaaaccaa cccctteggg gtgatgtggt

<210> SEQ ID NO 364

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 364

accacatcac cccgaagggg ttggtttett tctaataaat actaccccag aagggtattg

<210> SEQ ID NO 365

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 365

acgaacgagc gcatttatta gagcaaaacc aatcaggttt cggectgtcet tttggtgaat
<210> SEQ ID NO 366

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 366

attcaccaaa agacaggccg aaacctgatt ggttttgete taataaatge getegttegt

<210> SEQ ID NO 367

60
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<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 367

ccecegactte ggaaggggtg tatttattag ataaaaaacc aatgcectte ggggctactt

<210> SEQ ID NO 368

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 368

aagtagccce gaagggcatt ggttttttat ctaataaata caccccttcee gaagtcegggg

<210> SEQ ID NO 369

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 369

ccccaactte gggaggggtg tatttattag ataaaaaacc aacgcectte ggggettett

<210> SEQ ID NO 370

<211> LENGTH: 60

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 370

aagaagcccce gaagggegtt ggttttttat ctaataaata cacccctece gaagttgggg

<210> SEQ ID NO 371

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 371

gccatgcatyg tctaagtata

<210> SEQ ID NO 372

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 372

tacactaccyg tcgaaagetg

<210> SEQ ID NO 373

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 373

60
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60

60
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gtacacactc tagcaaagtg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 374

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 374

accatggtag gcatatcacc

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 375

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 375

ctaagcatag ctggtgacag

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 376

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 376

aggcacataa actaccatcg

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 377

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 377

tgcaagcatyg cgctgaagta

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 378

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 378

atgcatcgee agtgctagac

<210>
<211>
<212>
<213>
<220>
<223>

<400>

SEQ ID NO 379

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

SEQUENCE: 379

catatgcttt cctectggag

<210>
<211>
<212>
<213>
<220>

SEQ ID NO 380

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

20
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<223> OTHER INFORMATION: Synthetic
<400> SEQUENCE: 380

gtgatcgact tggtagtcca

<210> SEQ ID NO 381

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 381

tgcatgtcta agcacatgec

<210> SEQ ID NO 382

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 382

accatggtag gcgtataacc

<210> SEQ ID NO 383

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 383

gatagtccct tactacttgg

<210> SEQ ID NO 384

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 384

aattgccaga cctaagaagg

<210> SEQ ID NO 385

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 385

gctcattaca acagccatag

<210> SEQ ID NO 386

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: Synthetic

<400> SEQUENCE: 386

tcgagaccegt gegatctgea

<210> SEQ ID NO 387

20
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-continued

<211>
<212>
<213>
<220>
<223>

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

<400> SEQUENCE: 387

gtataagcaa ttataccgtg

<210>
<211>
<212>
<213>
<220>
<223>

SEQ ID NO 388

LENGTH: 20

TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Synthetic

<400> SEQUENCE: 388

ttacaagacc caaaagagcc

20

20

What is claimed is:

1. A method to monitor a parameter of an aquatic ecosys-
tem comprising the steps of:

(a) obtaining a sample from an aquatic ecosystem;

(b) using at least one oligonucleotide specific to a single
operational taxonomic unit to determine whether a
nucleic acid sequence specific to the operational taxo-
nomic unit is present in the sample wherein the at least
one oligonucleotide specific to the single operational
taxonomic unit comprises SEQ ID NO: 355 or SEQ ID
NO: 356; and

(c) correlating detection of the nucleic acid sequence spe-
cific to the operational taxonomic unit to a parameter of
the ecosystem wherein the parameter is mercury.

2. The method of claim 1, further comprising generating a
plurality of distinct oligonucleotides each specific to a single
operational taxonomic unit in at least one aquatic ecosystem
and determining whether nucleic acid sequences specific to
each of the operational taxonomic units are present in the
sample.

3. The method of claim 1, further comprising identifying
the atleast one oligonucleotide specific to a single operational
taxonomic unit in a first aquatic ecosystem and using the at
least one oligonucleotide specific to a single operational taxo-
nomic unit to determine whether nucleic acid sequences spe-
cific to the operational taxonomic unit are present in a second
aquatic ecosystem.

4. The method of claim 1, wherein step (b) comprises using
two oligonucleotides as primers in a polymerase chain reac-
tion to amplify DNA from a single genomic target sequence
wherein the amplified product comprises the at least one
oligonucleotide specific to a single operational taxonomic
unit.

5. The method of claim 2, wherein step (b) comprises using
aplurality of paired oligonucleotides as primers in a plurality
of separate polymerase chain reactions to amplify DNA from
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aplurality of genomic target sequences wherein the amplified
product comprises at least some of the plurality of the distinct
oligonucleotides each specific to a single operational taxo-
nomic unit.

6. The method of claim 1, wherein the at least one oligo-
nucleotide specific to the single operational taxonomic unit
further comprises an oligonucleotide comprising SEQ ID
NO: 357 or 358.

7. The method of claim 2, wherein the plurality of distinct
oligonucleotides comprises an array of individual locations,
each location comprising at least one oligonucleotide specific
to a single operational taxonomic unit.

8. The method of claim 1, wherein the at least one oligo-
nucleotide specific to the single operational taxonomic unit
further comprises an oligonucleotide having the sequence as
set forth in any of SEQ ID NOs: 329-340 or SEQ ID NOs:
351-354 or SEQ ID NOs: 359-370.

9. The method of claim 1, wherein step (b) comprises using
two oligonucleotides as primers in a polymerase chain reac-
tion to amplify DNA from a single genomic target sequence
wherein the amplified product comprises the oligonucleotide
specific to a single operational taxonomic unit and wherein
the primers comprise oligonucleotides comprising a first
primer having the sequence as set forth in SEQ ID NO: 375
and a second primer having the sequence as set forth in SEQ
ID NO: 376.

10. The method of claim 8, wherein step (b) comprises
using two oligonucleotides as primers in a polymerase chain
reaction to amplify DNA from a single genomic target
sequence wherein the amplified product comprises the oligo-
nucleotide specific to a single operational taxonomic unit and
wherein the primers comprise oligonucleotides comprising
the sequence as set forth in any of SEQ ID NOs: 341-350 or
SEQ ID NOs: 371-374 or SEQ ID NOs: 377-388.
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