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DETECTION OF NUCLECACDS FROM 
WHOLE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a non-provisional utility patent 
application claiming priority to and benefit of the following 
prior provisional patent application: U.S. Ser. No. 60/724, 
205, filed Oct. 5, 2005, entitled “DETECTION OF 
NUCLEICACIDS FROM WHOLE BLOOD” by Zhi Zheng 
et al., which is incorporated herein by reference in its entirety 
for all purposes. 

FIELD OF THE INVENTION 

0002 The present invention is in the field of nucleic acid 
detection. The invention includes methods for detecting one 
or more nucleic acids from whole blood, peripheral blood 
cells, or plasma. The invention also includes compositions 
and kits related to the methods. 

BACKGROUND OF THE INVENTION 

0003 Samples of peripheral whole blood are easily 
obtained from any of a wide variety of organisms, and thus 
blood would seem to be a rich source of material for gene 
expression studies. However, the composition of blood pre 
sents unusual challenges to the detection of nucleic acids 
from whole blood samples. 
0004 For example, whole blood includes a number of 
different cell types, including red blood cells (erythrocytes), 
platelets, and white blood cells (leukocytes). The white blood 
cells themselves include a variety of cell types, for example, 
granulocytes, such as neutrophils, basophils, and eosinophils, 
and mononuclear cells, such as monocytes and lymphocytes 
(including, e.g., T lymphocytes, B lymphocytes, and natural 
killer cells). Furthermore, when considering gene expression, 
only particular forms of particular white blood cell types may 
be of interest: e.g., active granular natural killer cells, Th 
lymphocytes, or activated neutrophils, eosinophils, or baso 
phils, to name only a few of the possible examples. Consid 
ering that red blood cells are estimated to occupy about 
40-45% of the total blood volume while white blood cells and 
platelets together occupy only about 1-2% of the total blood 
volume, the difficulty of detecting a nucleic acid that is 
expressed only in white blood cells, or only in a particular 
subset or type of white blood cells, becomes clear. 
0005 Detection of nucleic acids from whole blood is fur 
ther complicated, for example, by the high concentration of 
protein in blood (e.g., of hemoglobin from the red blood cells 
and of plasma proteins such as albumin, fibrinogen, and 
globulins) and by the prevalence of certain nucleic acids, 
particularly globin mRNA. 
0006 Current methods for analysis of gene expression in 
blood involve isolation of a particular type or group of cells 
(e.g., by red blood cell lysis, or by centrifugation to obtain 
peripheral blood mononuclear cells (PBMC)), purification of 
RNA from blood cells, and/or enzymatic manipulation (e.g., 
reverse transcription and/or target amplification) of the 
nucleic acids to be detected. 

0007 Among other aspects, the present invention pro 
vides methods for nucleic acid detection from whole blood 
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that overcome the above noted difficulties. A complete under 
standing of the invention will be obtained upon review of the 
following. 

SUMMARY OF THE INVENTION 

0008. In one aspect, the invention provides methods of 
detecting nucleic acids from whole blood. In another aspect, 
the invention provides methods of detecting nucleic acids 
from plasma. Compositions related to the methods (e.g., com 
positions useful in practicing the methods or formed while 
practicing the methods) are also provided, as are kits for 
detecting nucleic acids from whole blood or plasma. 
0009. A first general class of embodiments provides meth 
ods of detecting at least a first target nucleic acid. In the 
methods, a sample comprising whole blood is provided. The 
whole blood includes peripheral blood cells, which are lysed 
to produce a lysate comprising the first target nucleic acid. 
The first target nucleic acid is contacted with a first set of n 
capture extenders, wherein n is at least two; this first set of 
capture extenders is capable of hybridizing to the first target 
nucleic acid. The first target nucleic acid can be contacted 
with the first set of capture extenders by, for example, con 
tacting the lysate with the first set of capture extenders. The 
first target nucleic acid is hybridized to the first set of capture 
extenders, and the first set of capture extenders is associated 
with a solid Support. The first target nucleic acid is captured 
on the solid Support by hybridizing the first target nucleic acid 
to the first set of capture extenders and associating the first set 
of capture extenders with the solid support, and the presence 
of the first target nucleic acid on the Solid Support is then 
detected. The hybridization and association steps can, e.g., be 
either simultaneous or sequential. 
0010. In one class of embodiments, the peripheral blood 
cells are lysed in the whole blood to produce a whole blood 
lysate that includes the first target nucleic acid. In this class of 
embodiments, contacting the first target nucleic acid with the 
first set of capture extenders typically comprises contacting 
the whole blood lysate with the first set of capture extenders. 
In one class of embodiments, the whole blood is applied to a 
matrix to produce a blood spot, and the blood spot is dried to 
produce a dried blood spot. The dried blood spot is contacted 
with an aqueous solution to produce the lysate. In one class of 
embodiments, the methods include contacting the peripheral 
blood cells and/or the lysate with an exogenously supplied 
protease, typically prior to contacting the first target nucleic 
acid with the first set of capture extenders. 
0011. The methods can be applied to detection of essen 

tially any type of nucleic acids. For example, the first target 
nucleic acid can be a DNA or an RNA. In one class of 
embodiments, the peripheral blood cells include white blood 
cells, one or more of which white blood cells comprises the 
first target nucleic acid. 
0012. As noted, the first set of capture extenders includes 
n capture extenders, where n is at least two. Preferably, n is at 
least three, and n can be at least four or at least five or more. 
Typically, but not necessarily, n is at most ten. The capture 
extenders are optionally bound to the solid Support, e.g., 
covalently or noncovalently, directly or through a linker. In 
one aspect, the capture extenders are associated with the Solid 
support by hybridization of the capture extenders to one or 
more capture probes. Thus, in one class of embodiments, a 
first capture probe is bound to the solid support, and the first 
set of capture extenders is associated with the Solid Support by 
hybridizing the capture extenders to the first capture probe. 
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0013 The solid support can be essentially any suitable 
Support, including any of a variety of materials, configura 
tions, and the like. For example, in one class of embodiments, 
the Solid Support is a Substantially planar Solid Support. In 
another class of embodiments, the Solid Support comprises a 
plurality of particles, e.g., microspheres. 
0014. The methods can be conveniently multiplexed to 
detect two or more target nucleic acids simultaneously. Thus, 
in one class of embodiments, the lysate comprises a second 
target nucleic acid and the methods include contacting the 
second target nucleic acid with a second set of m capture 
extenders, wherein m is at least two; this second set of capture 
extenders is capable of hybridizing to the second target 
nucleic acid. The second target nucleic acid is hybridized to 
the second set of capture extenders, and the second set of 
capture extenders is associated with the solid Support. 
Hybridizing the second target nucleic acid to the second set of 
capture extenders and associating the second set of capture 
extenders with the Solid Support captures the second target 
nucleic acid on the solid Support. The presence of the second 
target nucleic acid on the solid support is then detected. It will 
be evident that n, the number of capture extenders in the first 
set, can but need not be the same as m, the number of capture 
extenders in the second set. As for the first target nucleic acid, 
the second target nucleic acid can be essentially any type of 
nucleic acid. It will be evident that third, fourth, fifth, etc. 
target nucleic acids are optionally also detected. 
0015. In one class of embodiments, the solid support is a 
substantially planar solid support, the first target nucleic acid 
is captured at a first selected position on the Solid Support, and 
the second target nucleic acid is captured at a second selected 
position on the solid support. For example, the first set of 
capture extenders can be hybridized to a first capture probe 
predisposed at the first selected position, while the second set 
of capture extenders is hybridized to a second capture probe 
predisposed at the second selected position. 
0016. In another class of embodiments, the solid support 
comprises a population of particles. The population includes 
at least two sets of particles, and the particles in each set are 
distinguishable from the particles in every other set. The first 
target nucleic acid is captured on a first set of the particles, and 
the second target nucleic acid is captured on a second set of 
the particles. For example, the first set of particles can com 
prise a first capture probe that is capable of hybridizing to the 
capture extenders comprising the first set of capture extenders 
(and thereby capturing the first target nucleic acid on the first 
set of particles), and the second set of particles can comprise 
a second capture probe that is capable of hybridizing to the 
capture extenders comprising the second set of capture 
extenders (and thereby capturing the second target nucleic 
acid on the second set of particles). In this class of embodi 
ments, detecting the presence of the first and second nucleic 
acid on the solid Support typically includes identifying at least 
a portion of the particles from each set and detecting the 
presence of nucleic acid on those particles. 
0017. In one aspect, the first target nucleic acid (and 
optional second, third, etc. target nucleic acid) is captured and 
its presence on the solid Support is detected using a branched 
chain DNA (bDNA) assay. Thus, in one class of embodi 
ments, detecting the presence of the first target nucleic acid on 
the solid support includes hybridizing a first set of one or 
more label extenders (typically, two or more label extenders) 
and a label probe System comprising a label to the first target 
nucleic acid and detecting the presence of the label on the 
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Solid Support. The label probe System typically includes an 
amplification multimer and a plurality of label probes, 
wherein the amplification multimer is capable of hybridizing 
simultaneously to a label extender and to a plurality of label 
probes. In another aspect, the label probe System includes a 
preamplifier, a plurality of amplification multimers, and a 
plurality of label probes, wherein the preamplifier hybridizes 
to one or more label extenders, and the amplification multi 
mers hybridize to the preamplifier and to the plurality of label 
probes. As another example, the label probe System can 
include only label probes, which hybridize directly to the 
label extenders. The label probe can include the label, or it can 
be configured to bind to the label. Suitable labels include, but 
are not limited to, an enzyme or a fluorescent label. When an 
enzyme (e.g., alkaline phosphatase) is used as the label, its 
presence on the Solid Support can be detected by detecting its 
activity with a chemiluminescent, colorimetric, or similar 
assay as is well-known in the art. When a fluorescent label is 
used, detecting the presence of the label on the Solid Support 
typically comprises detecting a fluorescent signal from the 
label. 

0018. At any of various steps in the methods, materials not 
captured on the Solid Support are optionally separated from 
the Support (and thus from any Support-bound materials). The 
methods are optionally used to quantitate the amount of the 
first (and optional second, third, etc.) nucleic acid present in 
the whole blood sample. Thus, in one class of embodiments, 
detecting the presence of the first target nucleic acid on the 
solid support comprises detecting an amount of the first target 
nucleic acid on the solid support. It will be evident that the 
amount of the target nucleic acid captured on the Solid Support 
is proportional to the amount of the target nucleic acid present 
in the original sample. 
0019. Another general class of embodiments provides 
methods of detecting at least a first target nucleic acid from 
plasma. In the methods, plasma comprising the first target 
nucleic acid is provided. The plasma is contacted with a first 
set of n capture extenders, wherein n is at least two. The first 
set of capture extenders is capable of hybridizing to the first 
target nucleic acid. The first target nucleic acid is hybridized 
to the first set of capture extenders, and the first set of capture 
extenders is associated with a solid Support. The first target 
nucleic acid is captured on the solid Support by hybridizing 
the first target nucleic acid to the first set of capture extenders 
and associating the first set of capture extenders with the Solid 
Support. The presence of the first target nucleic acid on the 
Solid Support is then detected. The hybridization and associa 
tion steps can be, e.g., either simultaneous or sequential. In 
one class of embodiments, the methods include contacting the 
plasma with an exogenously supplied protease, typically 
prior to contacting the plasma with the first set of capture 
extenders. 

0020 Essentially all of the features noted for the methods 
above apply to these embodiments as well, as relevant; for 
example, with respect to number of capture extenders perset, 
type of Solid Support, association of the capture extenders 
with the Solid Support, detection technique, composition of 
the optional label probe system, type of label, inclusion of 
blocking probes, type of target nucleic acid(s), quantitation of 
the target nucleic acid(s), separation of unbound materials 
from the solid support, and/or the like. 
0021 For example, in one preferred class of embodi 
ments, a first capture probe is bound to the Solid Support, and 
associating the first set of capture extenders with the Solid 
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Support comprises hybridizing the capture extenders to the 
first capture probe. As another example, the presence of the 
first target nucleic acid on the Solid Support is optionally 
detected by hybridizing a first set of one or more label extend 
ers and a label probe System comprising a label to the first 
target nucleic acid and then detecting the presence of the label 
on the Solid Support. 
0022. As for the embodiments above, the methods can be 
conveniently multiplexed to detect two or more target nucleic 
acids simultaneously. Thus, in one class of embodiments, the 
plasma comprises a second target nucleic acid and the meth 
ods include contacting the second target nucleic acid with a 
second set of m capture extenders, wherein m is at least two: 
this second set of capture extenders is capable of hybridizing 
to the second target nucleic acid. The second target nucleic 
acid is hybridized to the second set of capture extenders, and 
the second set of capture extenders is associated with the solid 
Support. Hybridizing the second target nucleic acid to the 
second set of capture extenders and associating the second set 
of capture extenders with the solid Support captures the sec 
ond target nucleic acid on the Solid Support. The presence of 
the second target nucleic acid on the solid Support is then 
detected. It will be evident that n, the number of capture 
extenders in the first set, can but need not be the same as m, the 
number of capture extenders in the second set. As for the first 
target nucleic acid, the second target nucleic acid can be 
essentially any type of nucleic acid. It will be evident that 
third, fourth, fifth, etc. target nucleic acids are optionally also 
detected. 

0023. In one class of embodiments, the solid support is a 
Substantially planar Solid Support, the first target nucleic acid 
is captured at a first selected position on the Solid Support, and 
the second target nucleic acid is captured at a second selected 
position on the solid support. For example, the first set of 
capture extenders can be hybridized to a first capture probe 
predisposed at the first selected position, while the second set 
of capture extenders is hybridized to a second capture probe 
predisposed at the second selected position. 
0024. In another class of embodiments, the solid support 
comprises a population of particles. The population includes 
at least two sets of particles, and the particles in each set are 
distinguishable from the particles in every other set. The first 
target nucleic acid is captured on a first set of the particles, and 
the second target nucleic acid is captured on a second set of 
the particles. For example, the first set of particles can com 
prise a first capture probe that is capable of hybridizing to the 
capture extenders comprising the first set of capture extenders 
(and thereby capturing the first target nucleic acid on the first 
set of particles), and the second set of particles can comprise 
a second capture probe that is capable of hybridizing to the 
capture extenders comprising the second set of capture 
extenders (and thereby capturing the second target nucleic 
acid on the second set of particles). In this class of embodi 
ments, detecting the presence of the first and second nucleic 
acid on the solid Support typically includes identifying at least 
a portion of the particles from each set and detecting the 
presence of nucleic acid on those particles. 
0025 Compositions related to the methods form another 
feature of the invention. Thus, one general class of embodi 
ments provides a composition that includes a first set of n 
capture extenders, wherein n is at least two, and peripheral 
blood cell nucleic acids. The first set of capture extenders is 
capable of hybridizing to a first target nucleic acid. The first 
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set of capture extenders is associated with, or is capable of 
being associated with, a Solid Support. 
0026. In one class of embodiments, the composition 
includes a whole blood lysate comprising the peripheral 
blood cell nucleic acids. The composition can include the first 
target nucleic acid. The peripheral blood cell nucleic acids 
optionally comprise the first target nucleic acid; alternatively, 
the first target nucleic acid can, e.g., be a nucleic acid found in 
the plasma. 
0027. In one class of embodiments, the composition 
includes an exogenously Supplied protease. The composition 
optionally also includes reagents used to detect the first target 
nucleic acid. For example, in one class of embodiments, the 
composition includes a label probe System comprising a label 
and/or a first set of one or more label extenders, which first set 
of label extenders is capable of hybridizing to the first target 
nucleic acid. 
0028. The composition can include the solid support. The 
capture extenders are optionally bound to the Solid Support, 
e.g., covalently or noncovalently, directly or through a linker. 
In one preferred class of embodiments, a first capture probe is 
bound to the solid support. The first capture probe is capable 
of hybridizing to the capture extenders of the first set of 
capture extenders and thereby associating the capture extend 
ers with the solid support. As noted above, the solid support 
can be essentially any suitable Support, including any of a 
variety of materials, configurations, and the like. For 
example, in one class of embodiments, the Solid Support is a 
substantially planar solid support. In another class of embodi 
ments, the Solid Support comprises a plurality of particles. 
0029. The composition optionally includes a second set of 
m capture extenders, wherein m is at least two. The second set 
of capture extenders is capable of hybridizing to a second 
target nucleic acid, and the second set of capture extenders is 
associated with, or is capable of being associated with, the 
Solid Support. In one class of embodiments, the Solid Support 
is a substantially planar solid support, wherein the first set of 
capture extenders is associated with or is capable of being 
associated with a first selected position on the Solid Support, 
and wherein the second set of capture extenders is associated 
with or is capable of being associated with a second selected 
position on the Solid Support. A first capture probe is option 
ally bound to the solid support at the first selected position 
while a second capture probe is bound to the Solid Support at 
the second selected position. In another class of embodi 
ments, the solid Support comprises a population of particles 
that includes at least two sets of particles, and the particles in 
each set are distinguishable from the particles in every other 
set. The first set of capture extenders is associated with or is 
capable of being associated with a first set of the particles, and 
the second set of capture extenders is associated with or is 
capable of being associated with a second set of the particles. 
Optionally, the first set of particles comprises a first capture 
probe capable of hybridizing to the capture extenders com 
prising the first set of capture extenders, while the second set 
of particles comprises a second capture probe capable of 
hybridizing to the capture extenders comprising the second 
set of capture extenders. The composition optionally includes 
the second target nucleic acid. It will be evident that the 
composition optionally also includes third, fourth, fifth, etc. 
target nucleic acids, sets of capture extenders, sets of particles 
or selected positions on the Solid Support, and/or the like. 
0030 Essentially all of the features noted for the methods 
above apply to these embodiments as well, as relevant; for 
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example, with respect to number of capture extenders perset, 
composition of the label probe system, type of label, inclu 
sion of blocking probes, type of target nucleic acid(s), and/or 
the like. 
0031) Another general class of embodiments provides a 
composition that includes a first set of n capture extenders, 
wherein n is at least two, and plasma. The first set of capture 
extenders is capable of hybridizing to a first target nucleic 
acid. The first set of capture extenders is associated with, or is 
capable of being associated with, a solid support. 
0032. The composition can include the first target nucleic 
acid (e.g., a DNA or RNA). In one class of embodiments, the 
composition includes an exogenously supplied protease. The 
composition optionally also includes reagents used to detect 
the first target nucleic acid. For example, in one class of 
embodiments, the composition includes a label probe system 
comprising a label and/or a first set of one or more label 
extenders, which first set of label extenders is capable of 
hybridizing to the first target nucleic acid. 
0033. The composition can include the solid support. In 
one class of embodiments, a first capture probe is bound to the 
solid support. The first capture probe is capable of hybridiz 
ing to the capture extenders of the first set of capture extenders 
and thereby associating the capture extenders with the solid 
support. As noted above, the solid support can be essentially 
any suitable support, including any of a variety of materials, 
configurations, and the like. For example, in one class of 
embodiments, the solid support is a substantially planar Solid 
support, while in other embodiments, the solid support com 
prises a plurality of particles. 
0034). The composition optionally includes a second set of 
m capture extenders, wherein m is at least two. The second set 
of capture extenders is capable of hybridizing to a second 
target nucleic acid, and the second set of capture extenders is 
associated with, or is capable of being associated with, the 
solid support. In one class of embodiments, the solid support 
is a substantially planar solid support, wherein the first set of 
capture extenders is associated with or is capable of being 
associated with a first selected position on the solid support, 
and wherein the second set of capture extenders is associated 
with or is capable of being associated with a second selected 
position on the solid support. A first capture probe is option 
ally bound to the solid support at the first selected position 
while a second capture probe is bound to the solid support at 
the second selected position. In another class of embodi 
ments, the solid support comprises a population of particles 
that includes at least two sets of particles, and the particles in 
each set are distinguishable from the particles in every other 
set. The first set of capture extenders is associated with or is 
capable of being associated with a first set of the particles, and 
the second set of capture extenders is associated with or is 
capable of being associated with a second set of the particles. 
Optionally, the first set of particles comprises a first capture 
probe capable of hybridizing to the capture extenders com 
prising the first set of capture extenders, while the second set 
of particles comprises a second capture probe capable of 
hybridizing to the capture extenders comprising the second 
set of capture extenders. The composition optionally includes 
the second target nucleic acid. It will be evident that the 
composition optionally also includes third, fourth, fifth, etc. 
target nucleic acids, sets of capture extenders, sets of particles 
or selected positions on the solid support, and/or the like. 
0035 Essentially all of the features noted for the embodi 
ments above apply to these embodiments as well, as relevant; 
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for example, with respect to number of capture extenders per 
set, composition of the label probe system, type of label, 
inclusion of blocking probes, type of target nucleic acid(s). 
and/or the like. 
0036. Yet another general class of embodiments provides 
a kit for detecting at least a first target nucleic acid. The kit 
includes a first capture probe bound to a solid support, a first 
set of n capture extenders, wherein n is at least two, a label 
probe system comprising a label, a first set of one or more 
label extenders, a first solution comprising a detergent, and a 
protease, packaged in one or more containers. Instructions for 
detecting the first target nucleic acid in whole blood, in 
peripheral blood cells, and/or in plasma with the kit are typi 
cally also included. The first set of capture extenders is 
capable of hybridizing to the first target nucleic acid and to the 
first capture probe, and the label extenders of the first set are 
capable of hybridizing to the first target nucleic acid and to the 
label probe system. 
0037. In one aspect, the kits are configured for multiplex 
detection of target nucleic acids. Thus, in one class of 
embodiments, the kit also includes a second capture probe 
bound to the solid support, a second set of m capture extend 
ers, wherein m is at least two, and a second set of one or more 
label extenders. The second set of capture extenders is 
capable of hybridizing to a second target nucleic acid and to 
the second capture probe, and the label extenders of the sec 
ond set are capable of hybridizing to the second target nucleic 
acid and to the label probe system. 
0038 Essentially all of the features noted for the embodi 
ments above apply to these embodiments as well, as relevant; 
for example, with respect to number of capture extenders per 
set, type of solid support, association of the capture extenders 
with the solid support, composition of the label probe system, 
type of label, type of target nucleic acid(s), and/or the like. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0039 FIG. 1 schematically illustrates a typical standard 
bDNA assay. 
0040 FIG. 2 Panels A-E schematically depict a multiplex 
bDNA assay, in which the target nucleic acids are captured on 
distinguishable subsets of microspheres and then detected. 
0041 FIG. 3 Panels A-D schematically depict a multiplex 
bDNA assay, in which the target nucleic acids are captured at 
selected positions on a solid support and then detected. Panel 
A shows a top view of the solid support, while Panels B-D 
show the support in cross-section. 
0.042 FIG. 4 Panel A depicts a graph illustrating quantita 
tive detection of GAPDH mRNA in whole blood. Fresh, 
heparinized whole blood from a healthy donor was lysed and 
assayed for GAPDH expression using a probe set specific for 
GAPDH mRNA (diamond). No signal from hybridizing with 
genomic DNA can be detected using probes designed to bind 
the antisense strand of the target gene (square). Panel B 
depicts agraphillustrating GAPDH expression in PAXgeneR 
stabilized whole blood. The nucleic acid pellet formed from 
PAXgeneR stabilized blood was solubilized and assayed for 
GAPDH expression. Panel C depicts a graph illustrating 
detection of exogenous in vitro dapB transcripts (IVT) in the 
presence (diamond) and absence (square) of whole blood 
lysate. Mean-tSD (standard deviation) values are graphed. 
0043 FIG.5 Panels A-C schematically depict an overview 
of a multiplex b)NA assay. 
0044 FIG. 6 Panel A depicts a graph illustrating simulta 
neous detection of multiple genes in the multiplexed assay. A 
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mixture of 9 target IVTs was serially diluted, added to lysate 
produced from 20 Jul whole blood, and assayed using the 
multiplexed bead assay. MFI: mean fluorescent intensity. 
Panel B depicts a graph illustrating specificity of multiplex 
detection. A mixture of 9 target IVTs were assayed simulta 
neously using the multiplexed bead assay. Signals for E. coli 
DapR transcript detected in the absence (square) or presence 
(diamond) of lysate produced from 20 ul human whole blood 
are shown. LOD for this target is 0.04 attomole. Panel C 
depicts a bar graph illustrating simultaneous detection of 
multiple cytokine mRNAs in LPS stimulated whole blood. 
Whole blood was incubated at 37° C. for 125 min with or 
without LPS. Sixteen microliters were removed and assayed 
in multiplex for cytokine gene expressions. Control is blood 
sample at to. Mean--S.d. (standard deviation) values are 
shown. Panel D depicts a bar graph illustrating simultaneous 
detection of multiple mRNAs associated with antigen pre 
senting cell activation, detected as described in Panel C. Panel 
E depicts graphs illustrating consistent measurement of 
cytokines in LPS activated whole blood using singleplex (left 
axis, bar graph) and multiplex (right axis, line graph) assay 
formats. Panel F depicts a graph illustrating GAPDH expres 
sion during LPS stimulation of whole blood. Mean+s.d values 
are shown. Panel G depicts a graph illustrating IL-1 beta 
expression during LPS stimulation of whole blood. 
0045 FIG. 7 Panel A depicts a graph illustrating correla 
tion of the gene expression pattern in whole blood and red 
blood cell (RBC)-lysed blood. Signals are mean fluorescent 
intensities. Panel B depicts a graph illustrating correlation of 
the gene expression pattern between whole blood lysate and 
RNA. Panel C depicts a graph illustrating correlation of gene 
expression patterns between whole blood lysate and lysate 
from PAXgeneR blood pellet. Panel D depicts a bar graph 
illustrating that PAXgeneR reagent induces gene expression 
in whole blood. Errorbar: S.d. Data is representative of assays 
of three independent samples. 
0046 Schematic figures are not necessarily to scale. 

DEFINITIONS 

0047 Unless defined otherwise, all technical and scien 
tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which the 
invention pertains. The following definitions Supplement 
those in the art and are directed to the current application and 
are not to be imputed to any related or unrelated case, e.g., to 
any commonly owned patent or application. Although any 
methods and materials similar or equivalent to those 
described herein can be used in the practice for testing of the 
present invention, the preferred materials and methods are 
described herein. Accordingly, the terminology used herein is 
for the purpose of describing particular embodiments only, 
and is not intended to be limiting. 
0048. As used in this specification and the appended 
claims, the singular forms “a,” “an and “the include plural 
referents unless the context clearly dictates otherwise. Thus, 
for example, reference to “a molecule' includes a plurality of 
Such molecules, and the like. 
0049. The term “about as used herein indicates the value 
of a given quantity varies by +/-10% of the value, or option 
ally +/-5% of the value, or in some embodiments, by +/-1% 
of the value so described. 

0050 “Whole blood is blood from which no constituent 
(e.g., plasma, platelets, or red blood cells) has been removed. 
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Whole blood optionally includes an exogenously added anti 
coagulant. Whole blood can be obtained, e.g., from a human 
or from an animal. 
0051. “Peripheral blood cells” are the cellular components 
of blood, including red blood cells, white blood cells, and 
platelets. Peripheral blood cells typically include those cells 
found within the circulating pool of blood and not seques 
tered within the lymphatic system, spleen, liver, or bone mar 
row. Within a given sample of peripheral blood cells, all types 
of blood cells (e.g., red blood cells, white blood cells, and 
platelets) are represented or potentially represented; no cell 
type has been deliberately enriched in or removed from the 
sample. 
0052 “Peripheral blood cell nucleic acids” are nucleic 
acids (e.g., RNA and/or DNA) obtained from a sample of 
peripheral blood cells. Nucleic acids from all types of blood 
cells (e.g., red blood cells, white blood cells, and platelets) are 
represented or potentially represented, no cell type having 
been deliberately enriched in or removed from the sample of 
peripheral blood cells from which the nucleic acids were 
obtained. 
0053 “Plasma is the liquid component of whole blood, in 
which the peripheral blood cells are suspended. Plasma is 
typically obtained by centrifuging whole blood to separate 
the plasma from the blood cells, optionally after addition of 
an anticoagulant. 
0054. A “target nucleic acid' is a nucleic acid to be 
detected. 
0055. The term “polynucleotide' (and the equivalent term 
“nucleic acid') encompasses any physical string of monomer 
units that can be corresponded to a string of nucleotides, 
including a polymer of nucleotides (e.g., a typical DNA or 
RNA polymer), peptide nucleic acids (PNAs), modified oli 
gonucleotides (e.g., oligonucleotides comprising nucleotides 
that are not typical to biological RNA or DNA, such as 2'-O- 
methylated oligonucleotides), and the like. The nucleotides 
of the polynucleotide can be deoxyribonucleotides, ribo 
nucleotides or nucleotide analogs, can be natural or non 
natural, and can be unsubstituted, unmodified, Substituted or 
modified. The nucleotides can be linked by phosphodiester 
bonds, or by phosphorothioate linkages, methylphosphonate 
linkages, boranophosphate linkages, or the like. The poly 
nucleotide can additionally comprise non-nucleotide ele 
ments such as labels, quenchers, blocking groups, or the like. 
The polynucleotide can be, e.g., single-stranded or double 
Stranded. 
0056. A "polynucleotide sequence' or “nucleotide 
sequence' is a polymer of nucleotides (an oligonucleotide, a 
DNA, a nucleic acid, etc.) or a character string representing a 
nucleotide polymer, depending on context. From any speci 
fied polynucleotide sequence, either the given nucleic acid or 
the complementary polynucleotide sequence (e.g., the 
complementary nucleic acid) can be determined. 
0057 Two polynucleotides “hybridize” when they associ 
ate to form a stable duplex, e.g., under relevant assay condi 
tions. Nucleic acids hybridize due to a variety of well char 
acterized physico-chemical forces, such as hydrogen 
bonding, solvent exclusion, base stacking and the like. An 
extensive guide to the hybridization of nucleic acids is found 
in Tijssen (1993) Laboratory Techniques in Biochemistry and 
Molecular Biology-Hybridization with Nucleic Acid Probes, 
part I chapter 2, "Overview of principles of hybridization and 
the strategy of nucleic acid probe assays” (Elsevier, New 
York), as well as in Ausubel, infra. 
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0058. The term “complementary” refers to a polynucle 
otide that forms a stable duplex with its “complement, e.g., 
under relevant assay conditions. Typically, two polynucle 
otide sequences that are complementary to each other have 
mismatches at less than about 20% of the bases, at less than 
about 10% of the bases, preferably at less than about 5% of the 
bases, and more preferably have no mismatches. 
0059 A first polynucleotide that is “capable of hybridiz 
ing' (or “configured to hybridize) to a second polynucle 
otide comprises a first polynucleotide sequence that is 
complementary to a second polynucleotide sequence in the 
second polynucleotide. 
0060 A “capture extender” or “CE is a polynucleotide 
that is capable of hybridizing to a nucleic acid of interest, and 
that is preferably also capable of hybridizing to a capture 
probe. The capture extender typically has a first polynucle 
otide sequence C-1, which is complementary to the capture 
probe, and a second polynucleotide sequence C-3, which is 
complementary to a polynucleotide sequence of the nucleic 
acid of interest. Sequences C-1 and C-3 are typically not 
complementary to each other. The capture extender is prefer 
ably single-stranded. 
0061. A “capture probe' or “CP” is a polynucleotide that 

is capable of hybridizing to at least one capture extender and 
that is tightly bound (e.g., covalently or noncovalently, 
directly or through a linker, e.g., Streptavidin-biotin or the 
like) to a solid Support, a spatially addressable solid Support, 
a slide, a particle, a microsphere, or the like. The capture 
probe typically comprises at least one polynucleotide 
sequence C-2 that is complementary to polynucleotide 
sequence C-1 of at least one capture extender. The capture 
probe is preferably single-stranded. 
0062. A “label extender” or “LE” is a polynucleotide that 

is capable of hybridizing to a nucleic acid of interest and to a 
label probe system. The label extender typically has a first 
polynucleotide sequence L-1, which is complementary to a 
polynucleotide sequence of the nucleic acid of interest, and a 
second polynucleotide sequence L-2, which is complemen 
tary to a polynucleotide sequence of the label probe System 
(e.g., L-2 can be complementary to a polynucleotide 
sequence of an amplification multimer, a preamplifier, a label 
probe, or the like). The label extender is preferably single 
Stranded. 

0063 A "label' is a moiety that facilitates detection of a 
molecule. Common labels in the context of the present inven 
tion include fluorescent, luminescent, light-scattering, and/or 
colorimetric labels. Suitable labels include enzymes and fluo 
rescent moieties, as well as radionuclides, Substrates, cofac 
tors, inhibitors, chemiluminescent moieties, magnetic par 
ticles, and the like. Patents teaching the use of such labels 
include U.S. Pat. Nos. 3,817,837; 3,850,752; 3,939,350; 
3.996.345; 4,277.437; 4,275,149; and 4.366,241. Many 
labels are commercially available and can be used in the 
context of the invention. 

0064. A “label probe system’ comprises one or more poly 
nucleotides that collectively comprise a label and a poly 
nucleotide sequence M-1, which is capable of hybridizing to 
at least one label extender. The label provides a signal, 
directly or indirectly. Polynucleotide sequence M-1 is typi 
cally complementary to sequence L-2 in the label extenders. 
Typically, the label probe system includes a plurality of label 
probes (e.g., a plurality of identical label probes) and an 
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amplification multimer; it optionally also includes a pream 
plifier or the like, or optionally includes only label probes, for 
example. 
0065. An “amplification multimer' is a polynucleotide 
comprising a plurality of polynucleotide sequences M-2, 
typically (but not necessarily) identical polynucleotide 
sequences M-2. Polynucleotide sequence M-2 is complemen 
tary to a polynucleotide sequence in the label probe. The 
amplification multimer also includes at least one polynucle 
otide sequence that is capable of hybridizing to a label 
extender or to a nucleic acid that hybridizes to the label 
extender, e.g., a preamplifier. For example, the amplification 
multimer optionally includes at least one polynucleotide 
sequence M-1; polynucleotide sequence M-1 is typically 
complementary to polynucleotide sequence L-2 of the label 
extenders. Similarly, the amplification multimer optionally 
includes at least one polynucleotide sequence that is comple 
mentary to a polynucleotide sequence in a preamplifier. The 
amplification multimer can be, e.g., a linear or a branched 
nucleic acid. As noted for all polynucleotides, the amplifica 
tion multimer can include modified nucleotides and/or non 
standard internucleotide linkages as well as standard deox 
yribonucleotides, ribonucleotides, and/or phosphodiester 
bonds. Suitable amplification multimers are described, for 
example, in U.S. Pat. No. 5,635,352, U.S. Pat. No. 5,124,246, 
U.S. Pat. No. 5,710,264, and U.S. Pat. No. 5,849,481. 
0066. A “label probe' or “LP” is a single-stranded poly 
nucleotide that comprises a label (or optionally that is con 
figured to bind to a label) that directly or indirectly provides 
a detectable signal. The label Probe typically comprises a 
polynucleotide sequence that is complementary to the repeat 
ing polynucleotide sequence M-2 of the amplification multi 
mer; however, if no amplification multimer is used in the 
bDNA assay, the label probe can, e.g., hybridize directly to a 
label extender. 
0067. A “preamplifier” is a nucleic acid that serves as an 
intermediate between at least one label extender and ampli 
fication multimer. Typically, the preamplifier is capable of 
hybridizing simultaneously to at least one label extender and 
to a plurality of amplification multimers. 
0068. The “T” (melting temperature) of a nucleic acid 
duplex under specified conditions (e.g., relevant assay condi 
tions) is the temperature at which half of the base pairs in a 
population of the duplex are disassociated and half are asso 
ciated. The T for aparticular duplex can be calculated and/or 
measured, e.g., by obtaining a thermal denaturation curve for 
the duplex (where the T is the temperature corresponding to 
the midpoint in the observed transition from double-stranded 
to single-stranded form). 
0069. A “microsphere' is a small spherical, or roughly 
spherical, particle. A microsphere typically has a diameter 
less than about 1000 micrometers (e.g., less than about 100 
micrometers, optionally less than about 10 micrometers). 
0070 A "microorganism' is an organism of microscopic 
or Submicroscopic size. Examples include, but are not limited 
to, bacteria, fungi, yeast, protozoans, microscopic algae (e.g., 
unicellular algae), viruses (which are typically included in 
this category although they are incapable of growth and 
reproduction outside of host cells), Subviral agents, Viroids, 
and mycoplasma. 
0071. A variety of additional terms are defined or other 
wise characterized herein. 

DETAILED DESCRIPTION 

0072 Analysis of gene expression in peripheral blood has 
been increasingly used for diagnosis, prognosis, tracking, and 
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drug response monitoring of hematological diseases (Ha 
ferlach, T. etal. (2005) A global approach to the diagnosis of 
leukemia using gene expression profiling Blood 106:1189 
1198; Lossos, I. S. et al. (2004) “Prediction of Survival in 
Diffuse Large-B-Cell Lymphoma Based on the Expression of 
Six Genes' N Engl J Med 350:1828-1837; Goerttler, P. S. et 
al. (2005) “Gene expression profiling in polycythaemia Vera: 
overexpression of transcription factor NF-E2 BrJ Haematol 
129:138-50; Hochhaus, A. et al. (2000) “Detection and quan 
tification of residual disease in chronic myelogenous leuke 
mia Leukemia 14:998-1005; and Wang, S. W. et al. (1999) 
“Cytokine mRNA decay is accelerated by an inhibitor of 
p38-mitogen-activated protein kinase' Inflamm Res 48:533 
8). Due to the ease of collection of peripheral blood and its 
key role in the immune response, peripheral blood gene 
expression is also being explored for Surrogate biomarker 
discovery in a wide range of non-hematological disorders 
(DePrimo, S. et al. (2003) “Expression profiling of blood 
samples from an SU5416 Phase III metastatic colorectal can 
cer clinical trial: a novel strategy for biomarker identifica 
tion” BMC Cancer 3:3: Gibbs, P.J. etal. (2005)“Quantitative 
detection of changes in cytokine gene expression in periph 
eral blood mononuclear cells correlates with and precedes 
acute rejection in renal transplant recipients' Transpl Immu 
nol 14:99-108; Ockenhouse, C. F. et al. (2005) “Functional 
Genomic Relationships in HIV-1 Disease Revealed by Gene 
Expression Profiling of Primary Human Peripheral Blood 
Mononuclear Cells' J Infect Dis 191:2064–74; Van Leeuwen, 
D. M. et al. (2005) “Differential Gene Expression in Human 
Peripheral Blood Mononuclear Cells Induced by Cigarette 
Smoke and Its Constituents' Toxicol. Sci. 86:200-210; and 
Horwitz, P. A. et al. (2004) “Detection of Cardiac Allograft 
Rejection and Response to Immunosuppressive Therapy 
With Peripheral Blood Gene Expression' Circulation 110: 
3815-3821). However, validity and reproducibility of blood 
mRNA quantitation results are critical issues when consider 
ing potential clinical applications (Ransohoff, D. F. (2005) 
“Bias as a threat to the validity of cancer molecular-marker 
research Nat Rev Cancer 5:142-9, and Ransohoff, D. F. 
(2004) “Rules of evidence for cancer molecular-marker dis 
covery and validation Nat Rev Cancer 4:309-14), and 
indeed, limitations associated with the techniques currently 
used in peripheral blood gene expression analysis have hin 
dered wider application of genomics advances in the clinic 
(Pahl, A. (2005) “Gene expression profiling using RNA 
extracted from whole blood: technologies and clinical appli 
cations' Expert Rev Mol Diagn 5:43-52, and Bustin, S.A. et 
al. (2005) “Quantitative real-time RT-PCR-aperspective” J 
Mol Endocrinol 34:597-601). Robust, reproducible gene 
expression analysis in peripheral blood has been a challenge 
(Fan, H. and Hegde, P. S. (2005) “The transcriptome in blood: 
challenges and Solutions for robust expression profiling Curr 
Mol Med 5:3-10). 
0073. One major source of variation that is unique to 
peripheral blood mRNA analysis is the pre-analytical han 
dling of the blood sample. Using current techniques for 
expression analysis, gene expression patterns are strongly 
dependent on choice of blood isolation and RNA preparation 
techniques (Fan and Hegde, supra, and Debey, S. et al. (2004) 
“Comparison of different isolation techniques prior gene 
expression profiling of blood derived cells: impact on physi 
ological responses, on overall expression and the role of 
different cell types' Pharmacogenomics J4:193-207). Partial 
purification of blood cells via density gradient centrifugation 
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or selective red cell lysis can change gene expression, as 
blood cells are known to be sensitive to external environmen 
tal stress (Hartel, C. et al. (2001) “Ex vivo induction of cytok 
ine mRNA expression in human blood samples' J Immunol 
Methods 249:63-71; Tamul, K. R. et al. (1995) “Comparison 
of the effects of Ficoll-Hypaque separation and whole blood 
lysis on results of immunophenotypic analysis of blood and 
bone marrow samples from patients with hematologic malig 
nancies' Clin Diagn Lab Immunol 2:337-42: Whitney, A. R. 
et al. (2003) “Individuality and variation in gene expression 
patterns inhuman blood” Proc Natl AcadSci USA 100:1896 
901; Rainen, L. etal. (2002)“Stabilization of mRNA Expres 
sion in Whole Blood Samples' Clin Chem 48:1883-1890; and 
Stordeur, P. Zhou, L. and Goldman, M. (2002) “Analysis of 
spontaneous mRNA cytokine production in peripheral 
blood'JImmunol Methods 261: 195-7). Furthermore, signifi 
cant gene expression changes can be detected within hours 
after phlebotomy, even without additional handling (Rainen 
et al., supra, and Tanner, M. A. et al. (2002) “Substantial 
changes in gene expression level due to the storage tempera 
ture and storage duration of human whole blood Clinical and 
Laboratory Haematology 24:337-341). One way to minimize 
variations caused by storage and manipulation is to extract 
total RNA from fresh whole blood using phenol-chloroform 
extraction. However, this approach suffers from interference 
from the high concentration of plasma and erythrocyte pro 
teins, leading to inconsistent yield and quality of the resulting 
purified RNA (Feezor, R. J. et al. (2004) “Whole blood and 
leukocyte RNA isolation for gene expression analyses” 
Physiol. Genomics 19:247-254). In addition, contaminating 
genomic DNA or PCR inhibitors such as heparin in the result 
ing purified RNA can reduce the accuracy of Subsequent 
real-time quantitative PCR (RT-PCR) analysis (e.g., Bustin, 
S. A. and Nolan, T. (2004) “Pitfalls of quantitative real-time 
reverse-transcription polymerase chain reaction' J Biomol 
Tech 15:155-66), and the highly abundant red cell specific 
RNA can affect microarray profiling (Debey et al., supra). 
0074. Use of the blood-stabilizing reagent PAXgene(R) 
prior to RNA purification from the blood can prevent RNA 
degradation and time-dependent ex vivo induction of cytok 
ine and immediate early response genes (Rainen et al., Supra). 
However, signal to noise ratios are significantly reduced in 
microarray expression profiles of PAXgene(R)-treated blood 
RNA (Wu, K. et al. (2003) “Globin reduction protocol 
Affymetrix Technical Note, available at www (dot) affyme 
trix (dot) com/support/technotes/blood2 technote (dot) pdf). 
In addition, the overall gene expression pattern from PAX 
gene(R) stabilized whole blood is quite distinct from that of the 
leukocytes (FeeZor et al., supra). This difference has been 
attributed to the presence of an overwhelming amount of 
globin mRNA originating from the reticulocytes and remain 
ing in the RNA purified from PAXgene(R)-treated blood; how 
ever, selective removal of globin mRNAs from PAXgene(R) 
purified RNA could not recover the leukocyte expression 
pattern (Feezor et al., Supra). PAXgene(R)-treated blood 
appears to give a low and variable yield of purified RNA, and 
the storage time of the PAXgene(R)-treated blood appears to 
significantly affect Subsequent microarray profiling results as 
well, Suggesting that stabilization is a complex process 
(Muller, M. C. et al. (2004) “Standardization of preanalytical 
factors for minimal residual disease analysis in chronic myel 
ogenous leukemia' Acta Haematol 1 12:30-3: Thach, D.C. et 
al. (2003) Assessment of two methods for handling blood in 
collection tubes with RNA stabilizing agent for surveillance 
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of gene expression profiles with high density microarrays' J 
Immunol Methods 283:269-79; and Wang, J. et al. (2004) 
“Optimizing RNA extraction yield from whole blood for 
microarray gene expression analysis’ Clin Biochem 37:741 
4). In addition, the effect of PAXgeneR) treatment of blood 
samples on the expression of genes other than the dozen genes 
examined in Rainen et al., Supra, has not been reported. 
0075. Currently, microarray analysis and RT-PCR are the 
most widely used methods for analyzing gene expression in 
blood. The relatively long experimental procedure and mod 
erate sensitivity of microarrays have limited their use in high 
throughput expression profiling applications. More impor 
tantly, despite the high technical reproducibility of commer 
cial microarrays, the overall reproducibility of the microarray 
data between runs, between laboratories, and between plat 
forms is generally poor (Chen, J.J. et al. (2004) “Analysis of 
variance components in gene expression data Bioinformat 
ics 20:1436-1446; Kuo, W. P. et al. (2002) “Analysis of 
matched mRNA measurements from two different microar 
ray technologies’ Bioinformatics 18:405-12; Marshall, E. 
(2004) “Getting the noise out of gene arrays' Science 306: 
630-631; and Bammler, T. etal. (2005)"Standardizing global 
gene expression analysis between laboratories and across 
platforms' Nat Methods 2:351-6). Different blood RNA iso 
lation procedures and different RNA labeling and amplifica 
tion protocols used in different laboratories can give strik 
ingly different expression patterns for even identical starting 
material (Feezor et al., Supra, and Bammler, T. et al. (2005) 
“Standardizing global gene expression analysis between 
laboratories and across platforms' Nat Methods 2:351-6). 
Thus, significant variations can result, not necessarily from 
microarray hybridization itself, but from the processing steps 
used to prepare labeled RNA for hybridization. 
007.6 RT-PCR offers greater sensitivity than microarray 
analysis, and it is widely used to validate microarray results. 
It has been used for quantitating specific mRNA levels in 
blood (Stordeur, P., Zhou, L. and Goldman, M. (2002) 
'Analysis of spontaneous mRNA cytokine production in 
peripheral blood” J Immunol Methods 261:195-7), but the 
approach has low multiplex capabilities. Moreover, as with 
microarray analysis, RT-PCR depends on purification and 
enzymatic manipulation (e.g., reverse transcription and Sub 
sequent amplification) of RNA from the blood. Variation in 
the overall quality of the RNA and in the efficiencies of 
reverse transcription and PCR are major factors that can 
reduce the accuracy and reproducibility of mRNA quantita 
tion by RT-PCR (Bustin, S.A. and Nolan, T. (2004) “Pitfalls 
of quantitative real-time reverse-transcription polymerase 
chain reaction' J Biomol Tech 15:155-66 and Bustin, S.A. et 
al. (2002) “Quantification of mRNA using real-time reverse 
transcription PCR (RT-PCR): trends and problems' J Mol 
Endocrinol 29:23-39). In practice, RT-PCR quantitation of 
BCR-ABL mRNA in patients with chronic myelogenous leu 
kemia has been affected by variations in sample preparation 
(Muller, M. C. et al. (2004) “Standardization of preanalytical 
factors for minimal residual disease analysis in chronic myel 
ogenous leukemia' Acta Haematol 112:30-3). 
0077 Even typical techniques for mRNA detection that do 
not require prior purification of RNA (see, e.g., Martel et al. 
(2002) “Multiplexed screening assay for mRNA combining 
nuclease protection with luminescent array detection’ Assay 
and Drug Development Technologies 1:61-71; E is et al. 
(2001) “An invasive cleavage assay for direct quantitation of 
specific RNAs. Nature Biotechnology 19:673-676; and Tian 
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et al. (2004) “Multiplex mRNA assay using electrophoretic 
tags for high-throughput gene expression analysis' Nucl 
Acids Res 32:e 126) involve enzymatic manipulation of the 
RNA, and are thus subject to variability, have limited sensi 
tivity, and/or require specialized probes, equipment, and data 
analysis Software. In addition, Such techniques may not all be 
suitable for use with whole blood samples. 
0078. In contrast, the present invention provides methods 
that permit rapid, simple, and sensitive detection of mRNAs 
(and other nucleic acids) from whole blood, without requiring 
isolation of a particular blood cell type, purification of RNA, 
and/or enzymatic manipulation of RNA. Following lysis of 
the blood cells, typically, in a sample of whole blood, one or 
more target nucleic acids are captured on a solid Support and 
then detected, for example, using a branched-chain DNA 
(bDNA) assay. Methods for detecting nucleic acids directly 
from blood plasma are also provided, as are compositions and 
kits related to the methods. The methods of the invention are 
optionally used for gene expression analysis, clinical diagno 
sis, and/or detection of microorganisms, e.g., pathogens, 
among other applications. 
Methods for Detecting Nucleic Acids from Blood 
0079. One general class of embodiments provides meth 
ods of detecting at least a first target nucleic acid. In the 
methods, a sample comprising whole blood is provided. The 
whole blood includes peripheral blood cells, which are lysed 
to produce a lysate comprising the first target nucleic acid. 
The first target nucleic acid is contacted with a first set of n 
capture extenders, wherein n is at least two; this first set of 
capture extenders is capable of hybridizing to the first target 
nucleic acid. The first target nucleic acid is hybridized to the 
first set of capture extenders, and the first set of capture 
extenders is associated with a solid Support. The first target 
nucleic acid is captured on the solid Support by hybridizing 
the first target nucleic acid to the first set of capture extenders 
and associating the first set of capture extenders with the Solid 
Support, and the presence of the first target nucleic acid on the 
Solid Support is then detected. The hybridization and associa 
tion steps can, e.g., be either simultaneous or sequential. 
0080 Typically, the first target nucleic acid is contacted 
with the first set of capture extenders by contacting the lysate 
with the first set of capture extenders. The peripheral blood 
cells are optionally separated from the plasma (e.g., by cen 
trifugation) prior to lysis of the peripheral blood cells, to 
provide a peripheral blood cell lysate; contacting the first 
target nucleic acid with the first set of capture extenders then 
comprises contacting the peripheral blood cell lysate with the 
first set of capture extenders. However, Such separation is not 
necessary. Thus, in one class of embodiments, the peripheral 
blood cells are lysed in the whole blood (e.g., liquid whole 
blood) to produce a whole blood lysate that includes the first 
target nucleic acid (e.g., among other nucleic acids released 
from the peripheral blood cells and/or present in the plasma). 
In this class of embodiments, contacting the first target 
nucleic acid with the first set of capture extenders typically 
comprises contacting the whole blood lysate with the first set 
of capture extenders. Alternatively but less conveniently, 
nucleic acids (e.g., total nucleic acids, total RNA, total DNA, 
or the like) including the first target nucleic acid can be 
purified or partially purified from the lysate prior to contact 
with the capture extenders. For example, nucleic acids can be 
isolated from the whole blood lysate (or the peripheral blood 
cell lysate) by precipitation using techniques known in the art; 
Such precipitated nucleic acids can be resuspended in an 
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appropriate Solution (e.g., a buffered aqueous Solution) and 
then contacted with the first set of capture extenders. The 
whole blood is optionally treated with a stabilizing reagent 
such as PAXgene(R) prior to lysis of the peripheral blood cells, 
but it need not be (and preferably is not). 
0081. In one aspect, as described above, the peripheral 
blood cells are lysed in liquid whole blood to produce the 
lysate. In another aspect, the target nucleic acid(s) are 
detected from a dried blood spot. Thus, in one class of 
embodiments, the whole blood is applied to a matrix to pro 
duce a blood spot, and the blood spot is dried (e.g., air dried) 
to produce a dried blood spot. The dried blood spot is con 
tacted with an aqueous Solution to produce the lysate. The 
Solution can comprise a buffered salt solution, a detergent, a 
protease, and/or the like, as described herein. The matrix to 
which the blood is applied is typically an absorbent matrix, 
for example, a specimen collection paper, filter paper, or the 
like. 
0082) A variety of techniques for lysing cells are known in 
the art and can be adapted to the practice of the present 
invention. For example, the peripheral blood cells can be 
lysed by contact with a detergent (e.g., an anionic detergent 
Such as lithium lauryl Sulfate), Suspension in a low ionic 
strength buffer, Sonication, freeze-thaw cycles, or a combina 
tion thereof. 
0083. In one class of embodiments, the methods include 
contacting the peripheral blood cells and/or the lysate with an 
exogenously supplied protease (a protease that is added to the 
peripheral blood cells and/or the lysate by a user of the meth 
ods, as opposed to a protease which is endogenous to whole 
blood and is thus already present), typically prior to contact 
ing the first target nucleic acid with the first set of capture 
extenders. By digesting various blood proteins, the protease 
optionally inactivates ribonucleases and/or otherwise assists 
in increasing the integrity and/or availability of the target 
nucleic acid. A variety of proteases are known in the art and 
can be adapted to the practice of the present invention; an 
effective concentration of protease, time for which the lysate 
is incubated with the protease, and the like can be determined 
by routine experimentation, e.g., by ensuring that an exog 
enously added RNA can be quantitatively detected in the 
lysate. 
0084. In one embodiment, the protease is proteinase K. 
Proteinase K is commercially available from a number of 
Suppliers, and it has little dependence on cofactors, remains 
active in the presence of fairly high concentrations of deter 
gent (e.g., lithium lauryl Sulfate or the like used to lyse the 
peripheral blood cells), and is active at elevated temperatures. 
In the example described below, proteinase K is employed at 
a concentration of at least 1 mg per ml of lysate; it will be 
evident that the concentration of protease can readily be var 
ied, e.g., in conjunction with the duration of time for which 
the cells and/or lysate is incubated with the protease. 
0085. The volume of blood used in the assay is typically 
less than the Volume of the resulting lysate, optionally Sub 
stantially less. Thus, in one class of embodiments, the Volume 
of whole blood in the sample is at most /2, at most /3, or at 
most /s the volume of the lysate. For example, the volume of 
whole blood used can be at most /10, /50, /100, or /150 the 
volume of the lysate. The remainder of the volume of the 
lysate can comprise a buffered salt solution, a detergent, a 
protease, water, and/or the like. 
I0086. The methods can be applied to detection of essen 
tially any type of nucleic acids. For example, the first target 
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nucleic acid can be a DNA oran RNA, e.g., an mRNA, rRNA, 
microRNA precursor, or essentially any other form of RNA. 
A target nucleic acid can, for example, be expressed by a 
peripheral blood cell or by an intracellular or extracellular 
pathogen, and can be located in the peripheral blood cells 
and/or in the plasma. Thus, in one class of embodiments, the 
peripheral blood cells include white blood cells, one or more 
of which white blood cells comprises the first target nucleic 
acid. The first target nucleic acid can, e.g., be endogenous to 
the white blood cells or it can be expressed as a result of 
infection of the white blood cells by a virus, bacterium, or 
other pathogen. The first target nucleic acid need not be 
expressed in all types of white blood cells, or even in all cells 
of a particular type or subtype; for example, the target nucleic 
acid can be found in one or more of a granulocyte, mono 
nuclear cell, neutrophil, basophil, eosinophil, monocyte, 
lymphocyte, T lymphocyte, B lymphocyte, natural killer cell, 
active granular natural killer cell, inactive agranular natural 
killer cell. Th-lymphocyte, Tc/k-lymphocyte, activated T 
cell, activated neutrophil, activated eosinophil, activated 
basophil, or the like. Similarly, the first target nucleic acid can 
be found in a red blood cell, platelet, bacterium, virion, or 
other pathogen. 
I0087. It will be understood that if the first target nucleic 
acid is initially present in the whole blood in a double 
Stranded form, e.g., hybridized to a complementary nucleic 
acid, the double-stranded form is denatured prior to hybrid 
izing the first target nucleic acid to the first set of capture 
extenders. Denaturation can be accomplished, for example, 
by thermal denaturation, exposure to alkaline conditions 
(which can have the added advantage of digesting extraneous 
RNA if the target nucleic acid is a DNA), or similar tech 
niques. The methods can thus be used for detecting, e.g., 
double-stranded genomic DNA, double-stranded viral 
nucleic acids, and the like, as well as single-stranded nucleic 
acids such as mRNAs. 

I0088 As noted, the first set of capture extenders includes 
n capture extenders, where n is at least two. Preferably, n is at 
least three, and n can be at least four or at least five or more. 
Typically, but not necessarily, n is at most ten. For example, in 
can be between three and ten, e.g., between five and ten or 
between five and seven, inclusive. Use of fewer capture 
extenders can be advantageous, for example, in embodiments 
in which target nucleic acids are to be specifically detected 
from samples including other nucleic acids with sequences 
very similar to that of the target nucleic acids. In other 
embodiments (e.g., embodiments in which capture of as 
much of the target nucleic acid as possible is desired), how 
ever, n can be more than 10, e.g., between 20 and 50. The n 
capture extenders in the first set preferably hybridize to non 
overlapping polynucleotide sequences in the first target 
nucleic acid. The nonoverlapping polynucleotide sequences 
can, but need not be, consecutive within the first target nucleic 
acid. 

I0089. The capture extenders are optionally bound to the 
Solid Support, e.g., covalently or noncovalently, directly or 
through a linker, e.g., Streptavidin-biotin or the like. In a 
preferred aspect, the capture extenders are associated with the 
solid support by hybridization of the capture extenders to one 
or more capture probes. Thus, in one class of embodiments, a 
first capture probe is bound to the solid support, and the first 
set of capture extenders is associated with the Solid Support by 
hybridizing the capture extenders to the first capture probe. 
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0090. Each capture extender in the first set is capable of 
hybridizing to the first capture probe. The capture extender 
typically includes a polynucleotide sequence C-1 that is 
complementary to a polynucleotide sequence C-2 in the cap 
ture probe. C-1 and C-2 are typically, but need not be. 20 
nucleotides or less in length. Hybridization of the capture 
extenders to the capture probe is optionally cooperative, e.g., 
as described in U.S. patent applications 60/680,976 filed May 
12, 2005 and Ser. No. 1 1/433,081 filed May 11, 2006, both by 
Luo et al. entitled “Multiplex branched-chain DNA assays.” 
Thus, hybridizing the first set of capture extenders to the first 
capture probe is optionally performed at a hybridization tem 
perature which is greater than a melting temperature (T) of 
a complex between each individual capture extender and the 
capture probe. Binding of a single capture extender and any 
associated nucleic acid to the capture probe is thus typically 
insufficient to capture the nucleic acid on the Solid Support. 
0091. The capture probe can include polynucleotide 
sequence in addition to C-2, or C-2 can comprise the entire 
polynucleotide sequence of the capture probe. For example, 
each capture probe optionally includes a linker sequence 
between the site of attachment of the capture probe to the 
Solid Support and sequence C-2 (e.g., a linker sequence con 
taining 8 Ts, as just one possible example). Typically, each 
capture probe includes a single sequence C-2, and each cap 
ture extender in the first set includes the same nucleotide 
sequence as its sequence C-1. A number of other configura 
tions are contemplated, however, for example, the capture 
probe can include two or more sequences C-2 (of the same or 
different nucleotide sequence), different capture extenders 
can include different nucleotide sequences as their sequence 
C-1, complementary to different sequences C-2 in a single or 
in different first capture probes, and the like. 
0092. The solid support can be essentially any suitable 
Support, including any of a variety of materials, configura 
tions, and the like. For example, in one class of embodiments, 
the Solid Support is a Substantially planar Solid Support, e.g., 
an upper surface of the bottom of a well of a multiwell plate, 
a slide, or the like. Similarly, suitable solid supports include 
any surface of a well of a multiwell plate, whether planar or 
not. As another example, the Solid Support can comprise a 
plurality of particles, e.g., microspheres, beads, cylindrical 
particles, irregularly shaped particles, or the like. The par 
ticles are optionally identifiable, as will be described in 
greater detail below, and optionally have additional or other 
desirable characteristics. For example, the particles can be 
magnetic or paramagnetic, providing a convenient means for 
separating the particles from Solution, e.g., to simplify sepa 
ration of the particles from any materials not bound to the 
particles. 
0093. The methods can be conveniently multiplexed to 
detect two or more target nucleic acids simultaneously. Thus, 
in one class of embodiments, the lysate comprises a second 
target nucleic acid and the methods include contacting the 
second target nucleic acid with a second set of m capture 
extenders (e.g., by contacting the lysate with the second set of 
capture extenders, typically with the first and second sets 
simultaneously), wherein m is at least two; this second set of 
capture extenders is capable of hybridizing to the second 
target nucleic acid. The second target nucleic acid is hybrid 
ized to the second set of capture extenders, and the second set 
of capture extenders is associated with the Solid Support. 
Hybridizing the second target nucleic acid to the second set of 
capture extenders and associating the second set of capture 

Jun. 21, 2012 

extenders with the Solid Support captures the second target 
nucleic acid on the Solid Support. The presence of the second 
target nucleic acid on the solid support is then detected. It will 
be evident that n, the number of capture extenders in the first 
set, can but need not be the same as m, the number of capture 
extenders in the second set. As for the first target nucleic acid, 
the second target nucleic acid can be essentially any type of 
nucleic acid. 

0094. In one class of embodiments, the solid support is a 
Substantially planar Solid Support, the first target nucleic acid 
is captured at a first selected position on the Solid Support, and 
the second target nucleic acid is captured at a second selected 
position on the solid support. For example, the first set of 
capture extenders can be hybridized to a first capture probe 
predisposed at the first selected position, while the second set 
of capture extenders is hybridized to a second capture probe 
predisposed at the second selected position. Techniques for 
forming Such arrays of capture probes are well known and are, 
e.g., referenced below in the section entitled 'Arrays.” Spa 
tially addressable non-planar Solid Supports can optionally 
also be employed in the methods. In this class of embodi 
ments, detecting the presence of the first and second nucleic 
acid on the Solid Support typically includes detecting the 
presence of nucleic acid at each selected position on the Solid 
Support. 
0095. In another class of embodiments, the solid support 
comprises a population of particles. The population includes 
at least two sets of particles, and the particles in each set are 
distinguishable from the particles in every other set. The first 
target nucleic acid is captured on a first set of the particles, and 
the second target nucleic acid is captured on a second set of 
the particles. For example, the first set of particles can com 
prise a first capture probe that is capable of hybridizing to the 
capture extenders comprising the first set of capture extenders 
(and thereby capturing the first target nucleic acid on the first 
set of particles), and the second set of particles can comprise 
a second capture probe that is capable of hybridizing to the 
capture extenders comprising the second set of capture 
extenders (and thereby capturing the second target nucleic 
acid on the second set of particles). In this class of embodi 
ments, detecting the presence of the first and second nucleic 
acid on the Solid Support typically includes identifying at least 
a portion of the particles from each set and detecting the 
presence of nucleic acid on particles from each set. 
0096 Essentially any suitable particles, e.g., particles hav 
ing distinguishable characteristics and to which capture 
probes can be attached, can be used. For example, in one 
preferred class of embodiments, the particles are micro 
spheres. The microspheres of each set can be distinguishable 
from those of the other sets, e.g., on the basis of their fluo 
rescent emission spectrum, their diameter, or a combination 
thereof. For example, the microspheres of each set can be 
labeled with a unique fluorescent dye or mixture of such dyes, 
quantum dots with distinguishable emission spectra, and/or 
the like. As another example, the particles of each set can be 
identified by an optical barcode, unique to that set, present on 
the particles. 
(0097. It will be evident that third, fourth, fifth, etc. target 
nucleic acids are optionally also detected. The at least one 
target nucleic acid to be detected thus optionally includes two 
or more, five or more, 10 or more, 20 or more, 30 or more, 40 
or more, 50 or more, or even 100 or more target nucleic acids 
which are present or suspected to be present in the whole 
blood. A like number of sets of capture extenders, and typi 
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cally a like number of selected positions on a Substantially 
planar Solid Support or a like number of sets of particles, are 
also provided and used to capture and detect the target nucleic 
acids. For additional details on multiplex b)NA assays, see 
U.S. patent application No. 60/680,976 filed May 12, 2005 
and Ser. No. 11/433,081 filed May 11, 2006, both by Luoetal. 
entitled “Multiplex branched-chain DNA assays” and the 
examples below. 
0098. The presence of the first target nucleic acid (and 
optional second, third, etc. nucleic acids) on the solid Support 
can be detected by any of a variety of techniques known in the 
art. For example, the first target nucleic acid can comprise a 
label (including, e.g., one or two or more labels per mol 
ecule), and detecting the presence of the first target nucleic 
acid can comprise detecting the label. The label can be 
covalently associated with the nucleic acid (e.g., a fluorescent 
label can be incorporated into the nucleic acid using a chemi 
cal or enzymatic labeling technique), or the nucleic acid can 
be configured to bind the label (e.g., a biotinylated nucleic 
acid can bind a streptavidin-associated label). The label can 
be essentially any convenient label that directly or indirectly 
provides a detectable signal. For example, the label can be a 
fluorescent label (e.g., a quantum dot or fluorophore, e.g., 
CyTM3 or CyTM5), aluminescent label, a light-scattering label 
(e.g., colloidal gold particles), oran enzyme (e.g., horseradish 
peroxidase (HRP) or alkaline phosphatase). As another 
example, at least one detection probe (a polynucleotide com 
prising a label or configured to bind a label) can be provided 
and hybridized to the first target nucleic acid, and detecting 
the presence of the first target nucleic acid can comprise 
detecting the label. For example, a labeled molecular den 
drimer can be hybridized to the first target nucleic acid, for 
example, a dendrimer such as 3DNATM from Genisphere Inc.; 
an exemplary 3DNA dendrimer includes 1-15 oligonucle 
otides complementary to the target nucleic acid and 30-900 
fluorescent labels such as CyTM3, CyTM5, Alexa Fluor 546 or 
Alexa Fluor 647. As yet another example, the target nucleic 
acid can be amplified. A wide variety of techniques for ampli 
fying nucleic acids are known in the art, including, but not 
limited to, PCR (polymerase chain reaction), rolling circle 
amplification, and transcription mediated amplification. (See, 
e.g., Hatch et al. (1999) “Rolling circle amplification of DNA 
immobilized on Solid Surfaces and its application to multiplex 
mutation detection' Genet Anal. 15:35-40; Baner et al. 
(1998) "Signal amplification of padlock probes by rolling 
circle replication” Nucleic Acids Res. 26:5073-8; and Nallur 
et al. (2001) “Signal amplification by rolling circle amplifi 
cation on DNA microarrays' Nucleic Acids Res. 29:E118.) A 
labeled primer and/or labeled nucleotides are optionally 
incorporated during amplification. 
0099. In one aspect, the first target nucleic acid (and 
optional second, third, etc. target nucleic acid) is captured and 
its presence on the solid Support is detected using a branched 
chain DNA (bDNA) assay. Thus, in one preferred class of 
embodiments, detecting the presence of the first target nucleic 
acid on the Solid Support includes hybridizing a first set of one 
or more label extenders (typically, two or more label extend 
ers) and a label probe System comprising a label to the first 
target nucleic acid and detecting the presence of the label on 
the solid support. The label probe system optionally includes 
an amplification multimer and a plurality of label probes, 
where the amplification multimer is capable of hybridizing 
simultaneously to a label extender and to a plurality of label 
probes. In another aspect, the label probe System includes a 
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preamplifier, a plurality of amplification multimers, and a 
plurality of label probes, wherein the preamplifier hybridizes 
to a label extender, and the amplification multimers hybridize 
to the preamplifier and to the plurality of label probes. As 
another example, the label probe System can include only 
label probes, which hybridize directly to the label extenders. 
The label probe can include the label, or it can be configured 
to bind to the label (for example, a biotinylated label probe 
can bind to a streptavidin-associated label). Suitable labels 
include, but are not limited to, an enzyme or a fluorescent 
label. When an enzyme (e.g., alkaline phosphatase) is used as 
the label, its activity can be detected with a chemilumines 
cent, colorimetric, or similar assay as is well-known in the art. 
Whenafluorescent label is used, detecting the presence of the 
label on the solid Support typically comprises detecting a 
fluorescent signal from the label. Two or more label extenders 
optionally hybridize to a component of the label probe system 
(e.g., a single amplification multimer or preamplifier), and 
Such hybridization is optionally cooperative; see U.S. patent 
application Ser. No. 1 1/471,025 filed Jun. 19, 2006 by Luo et 
al. entitled “Multiplex detection of nucleic acids.” 
0100. An exemplary embodiment in which a single target 
nucleic acid is captured and detected using ab)NA assay is 
schematically illustrated in FIG.1. Peripheral blood cells in a 
sample of whole blood are lysed to produce a lysate including 
first target nucleic acid 114. First target nucleic acid 114 (e.g., 
an mRNA whose expression is to be detected in whole blood) 
is captured by capture probe 104 on solid support 101 (e.g., a 
well of a microtiter plate) through first set 111 of synthetic 
oligonucleotide capture extenders. Each capture extender has 
first polynucleotide sequence C-3 (152) that can hybridize to 
the target nucleic acid and second polynucleotide sequence 
C-1 (151) that can hybridize to the capture probe through 
sequence C-2 (150) in the capture probe. Typically, two or 
more capture extenders are used. Each label extender in first 
set 121 of label extenders hybridizes to a different sequence 
on the target nucleic acid, through sequence L-1 (154) that is 
complementary to the target nucleic acid, and to sequence 
M-1 (157) on amplification multimer 141, through sequence 
L-2 (155). Blocking probes, which hybridize to sequences in 
the target nucleic acid not bound by either capture extenders 
or label extenders, are often used in b)NA assays to reduce 
non-specific target probe binding. A probe set for a given 
target nucleic acid thus consists of capture extenders, label 
extenders, and optional blocking probes for the target nucleic 
acid. The capture extenders, label extenders, and optional 
blocking probes are complementary to nonoverlapping 
sequences in the target nucleic acid, and are typically, but not 
necessarily, contiguous. In this example, a single blocking 
probe is used (124). 
0101 Signal amplification begins with the binding of the 
label extenders to the target nucleic acid. The amplification 
multimer is then hybridized to the label extenders. The ampli 
fication multimer has multiple copies of sequence M-2 (158) 
that is complementary to label probe 142. (It is worth noting 
that the amplification multimer is typically, but not necessar 
ily, a branched-chain nucleic acid; for example, the amplifi 
cation multimer can be a branched, forked, or comb-like 
nucleic acid or a linear nucleic acid.) Label 143, for example, 
alkaline phosphatase, is covalently attached to each label 
probe. (Alternatively, the label can, e.g., be noncovalently 
associated with the label probes.) In the final step, labeled 
complexes are detected, e.g., by the alkaline phosphatase 
mediated degradation of a chemilumigenic Substrate, e.g., 
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dioxetane. Luminescence is reported as relative lumines 
cence units (RLUs) on a microplate reader. The amount of 
chemiluminescence is proportional to the level of first target 
nucleic acid originally present in the sample of whole blood. 
0102. In the preceding example, the amplification multi 
merand the label probes comprise label probe system 140. In 
another example, the label probe System also comprises a 
preamplifier, e.g., as described in U.S. Pat. No. 5,635,352 and 
U.S. Pat. No. 5,681,697, which further amplifies the signal 
from a single target mRNA: See also U.S. patent application 
Ser. No. 1 1/471,025. In yet another example, the label extend 
ers hybridize directly to the label probes and no amplification 
multimer or preamplifier is used, so the signal from a single 
target mRNA molecule is only amplified by the number of 
distinct label extenders that hybridize to that mRNA (and the 
number of label probes that bind to a single label extender). 
0103 Basic b)NA assays have been well described and 
have been used, e.g., to detect and quantify mRNA transcripts 
in cell lines and to determine viral loads. The bDNA assay 
provides direct quantification of nucleic acid molecules at 
physiological levels. Several advantages of the technology 
distinguish it from other DNA/RNA amplification technolo 
gies, including linear amplification, good sensitivity and 
dynamic range, great precision and accuracy, simple sample 
preparation procedure, and reduced sample-to-sample varia 
tion. For additional details on b)NA assays, see, e.g., U.S. 
Pat. No. 4,868,105 to Urdea et al. entitled “Solution phase 
nucleic acid sandwich assay”; U.S. Pat. No. 5,635,352 to 
Urdea et al. entitled “Solution phase nucleic acid sandwich 
assays having reduced background noise'; U.S. Pat. No. 
5,681,697 to Urdeaetal. entitled “Solution phase nucleic acid 
sandwich assays having reduced background noise and kits 
therefor: U.S. Pat. No. 5,124,246 to Urdea et al. entitled 
“Nucleic acid multimers and amplified nucleic acid hybrid 
ization assays using same: U.S. Pat. No. 5,624,802 to Urdea 
et al. entitled “Nucleic acid multimers and amplified nucleic 
acid hybridization assays using same: U.S. Pat. No. 5,849, 
481 to Urdea et al. entitled “Nucleic acid hybridization assays 
employing large comb-type branched polynucleotides”; U.S. 
Pat. No. 5,710,264 to Urdea et al. entitled “Large comb type 
branched polynucleotides”; U.S. Pat. No. 5,594,118 to Urdea 
and Horn entitled “Modified N-4 nucleotides for use in ampli 
fied nucleic acid hybridization assays: U.S. Pat. No. 5,093, 
232 to Urdea and Horn entitled “Nucleic acid probes”; U.S. 
Pat. No. 4,910,300 to Urdea and Horn entitled “Method for 
making nucleic acid probes”; U.S. Pat. No. 5,359,100; U.S. 
Pat. No. 5,571,670; U.S. Pat. No. 5,614,362; U.S. Pat. No. 
6,235,465; U.S. Pat. No. 5,712,383: U.S. Pat. No. 5,747,244; 
U.S. Pat. No. 6,232,462; U.S. Pat. No. 5,681,702; U.S. Pat. 
No. 5,780,610; U.S. Pat. No. 5,780,227 to Sheridan et al. 
entitled “Oligonucleotide probe conjugated to a purified 
hydrophilic alkaline phosphatase and uses thereof: U.S. 
patent application Publication No. US2002172950 by Kenny 
et al. entitled “Highly sensitive gene detection and localiza 
tion using in situ branched-DNA hybridization: Wang et al. 
(1997) “Regulation of insulin preRNA splicing by glucose' 
Proc Nat AcadSci USA94:4360-4365; Collins et al. (1998) 
“Branched DNA (bDNA) technology for direct quantification 
of nucleic acids: Design and performance' in Gene Quanti 
fication, F Ferre, ed.: and Wilber and Urdea (1998) “Quanti 
fication of HCV RNA in clinical specimens by branched 
DNA (bDNA) technology” Methods in Molecular Medicine: 
Hepatitis C 19:71-78. In addition, reagents for performing 
basic b)NA assays (e.g., QuantiGene(R) kits, amplification 
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multimers, alkaline phosphatase labeled label probes, chemi 
lumigenic Substrate, capture probes immobilized on a solid 
Support, and the like) are commercially available, e.g., from 
Panomics, Inc. (www (dot) panomics (dot) com), and can be 
adapted for the practice of the present invention. Software for 
designing probesets for a given mRNA target (i.e., for design 
ing the regions of the capture extenders, label extenders, and 
optional blocking probes that are complementary to the tar 
get) is also commercially available (e.g., Probel DesignerTM 
from Panomics, Inc.); see also Bushnell et al. (1999) “Probe 
Designer: for the design of probe sets for branched DNA 
(bDNA) signal amplification assays Bioinformatics 15:348 
55. 

0104. Another exemplary embodiment is schematically 
illustrated in FIG. 2. This example demonstrates multiplex 
capture and detection of target nucleic acids with a b)NA 
assay, where the Solid Support comprises a population of 
particles (in this example, a population of microspheres, 
where each set of microspheres has a characteristic fluores 
cent emission spectrum). Panel A illustrates three distinguish 
able sets of microspheres 201, 202, and 203, which have 
associated therewith capture probes 204, 205, and 206, 
respectively. Each capture probe includes a sequence C-2 
(250), which is different from set to set of microspheres. The 
three sets of microspheres are combined to form population 
208 (Panel B). A set of three capture extenders is provided for 
each target nucleic acid; set 211 for nucleic acid 214, set 212 
for nucleic acid 215 which is not present, and set 213 for 
nucleic acid 216. Each capture extender includes sequences 
C-1 (251, complementary to the respective capture probe's 
sequence C-2) and C-3 (252, complementary to a sequence in 
the corresponding target nucleic acid). Three sets of label 
extenders (221, 222, and 223 for nucleic acids 214, 215, and 
216, respectively) and three sets of blocking probes (224, 225, 
and 226 for nucleic acids 214, 215, and 216, respectively) are 
also provided. Each label extender includes sequences L-1 
(254, complementary to a sequence in the corresponding 
target nucleic acid) and L-2 (255, complementary to M-1). 
0105. The sample comprising whole blood is provided and 
the peripheral blood cells are lysed, providing a lysate (e.g., a 
whole blood lysate) including target nucleic acids 214 and 
216. Non-target nucleic acids 230 are also present. Target 
nucleic acids 214 and 216 are contacted with and hybridized 
to their corresponding set of capture extenders (211 and 213, 
respectively), and the capture extenders are hybridized to the 
corresponding capture probes (204 and 206, respectively), 
capturing target nucleic acids 214 and 216 on microspheres 
201 and 203, respectively (Panel C). Materials not bound to 
the microspheres (e.g., capture extenders 212, nucleic acids 
230, etc.) are optionally separated from the microspheres by 
washing. Label probe System 240 including amplification 
multimer 241 (which includes sequences M-1 257 and M-2 
258) and label probe 242 (which contains label 243) is hybrid 
ized to label extenders 221 and 223, which are hybridized to 
nucleic acids 214 and 216, respectively (Panel D). Materials 
not captured on the microspheres are optionally removed by 
washing the microspheres. Microspheres from each set are 
identified, e.g., by their fluorescent emission spectrum (w 
and W. Panel E), and the presence or absence of the label on 
each set of microspheres is detected (), Panel E). (It is worth 
noting that in embodiments such as this, in which both the 
label and the particles are fluorescent, fluorescent emission by 
the label is typically distinguishable from fluorescent emis 
sion by the particles, e.g., microspheres, and many Suitable 
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fluorescent label-fluorescent microsphere combinations are 
possible.) Since each target nucleic acid is associated with a 
distinct set of microspheres via hybridization with the corre 
sponding set of capture extenders and capture probe, the 
presence of the label on a given set of microspheres correlates 
with the presence of the corresponding target nucleic acid on 
the microspheres and thus in the original sample. 
0106. As depicted in FIG. 2, all of the label extenders in all 
of the sets typically include an identical sequence L-2. 
Optionally, however, different label extenders (e.g., label 
extenders in different sets) can include different sequences 
L-2. Also as depicted in FIG. 2, each capture probe typically 
includes a single sequence C-2 and thus hybridizes to a single 
capture extender. Optionally, however, a capture probe can 
include two or more sequences C-2 and hybridize to two or 
more capture extenders. Similarly, as depicted, each of the 
capture extenders in a particular set typically includes an 
identical sequence C-1, and thus only a single capture probe 
is needed for each set of particles; however, different capture 
extenders within a set optionally include different sequences 
C-1 (and thus hybridize to different sequences C-2, within a 
single capture probe or different capture probes on the Surface 
of the corresponding set of particles). 
0107. One or more of the sets of particles is optionally 
isolated, whereby the associated target nucleic acid is iso 
lated. The isolated nucleic acid can optionally be removed 
from the particles and/or subjected to further manipulation, if 
desired (e.g., amplification by PCR or the like). 
0108. Yet another exemplary embodiment is schemati 
cally illustrated in FIG. 3. This example demonstrates multi 
plex capture and detection of target nucleic acids, using a 
bDNA assay and a substantially planar solid support. Panel A 
depicts solid Support 301 having nine capture probes pro 
vided on it at nine selected positions (e.g., 334-336). Panel B 
depicts a cross section of solid support 301, with distinct 
capture probes 304,305, and 306 at different selected posi 
tions on the support (334,335, and 336, respectively). A set of 
capture extenders is provided for each target nucleic acid. 
Only three sets are depicted; set 311 for nucleic acid 314, set 
312 for nucleic acid 315 which is not present, and set 313 for 
nucleic acid 316. Each capture extender includes sequences 
C-1 (351, complementary to the respective capture probe's 
sequence C-2) and C-3 (352, complementary to a sequence in 
the corresponding target nucleic acid). Three sets of label 
extenders (321,322, and 323 for nucleic acids 314, 315, and 
316, respectively) and three sets of blocking probes (324,325, 
and 326 for nucleic acids 314,315, and 316, respectively) are 
also depicted (although nine would typically be provided, one 
for each nucleic acid of interest). Each label extender includes 
sequences L-1 (354, complementary to a sequence in the 
corresponding target nucleic acid) and L-2 (355, complemen 
tary to M-1). 
0109. A sample comprising whole blood is provided and 
the peripheral blood cells are lysed, producing a lysate (e.g., 
a whole blood lysate) including target nucleic acids 314 and 
316; non-target nucleic acids 330 are also present in the 
lysate. Nucleic acids 314 and 316 are contacted with and 
hybridized to their corresponding set of capture extenders 
(311 and 313, respectively), and the capture extenders are 
hybridized to the corresponding capture probes (304 and 306, 
respectively), capturing nucleic acids 314 and 316 at selected 
positions 334 and 336, respectively (Panel C). Materials not 
bound to the Solid Support (e.g., capture extenders 312, 
nucleic acids 330, etc.) are optionally separated from the 
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Support by washing. Label probe System 340 including ampli 
fication multimer 341 (which includes sequences M-1 357 
and M-2358) and label probe 342 (which contains label343) 
is hybridized to label extenders 321 and 323, which are 
hybridized to nucleic acids 314 and 316, respectively (Panel 
D). Materials not captured on the solid support are optionally 
removed by washing the Support, and the presence or absence 
of the label at each position on the solid support is detected. 
Since each target nucleic acid is associated with a distinct 
selected position on the solid support via hybridization with 
the corresponding set of capture extenders and capture probe, 
the presence of the label at a given position on the Solid 
Support correlates with the presence of the corresponding 
target nucleic acid at that position and thus its presence in the 
original sample. 
0110. At any of various steps in the methods, materials not 
captured on the Solid Support are optionally separated from 
the Support (and thus from any support-bound materials). For 
example, when detection is performed with a b)NA assay, 
after the capture extenders, nucleic acids, label extenders, 
blocking probes, and Support-bound capture probes are 
hybridized, the solid support is optionally washed to remove 
unbound nucleic acids and probes; after the label extenders 
and amplification multimer are hybridized, the Solid Support 
is optionally washed to remove unbound amplification mul 
timer; and/or after the label probes are hybridized to the 
amplification multimer, the Solid Support is optionally 
washed to remove unbound label probe prior to detection of 
the label. 

0111. The methods are optionally used to quantitate the 
amount of the first (and optional second, third, etc.) nucleic 
acid present in the whole blood sample. Thus, in one class of 
embodiments, detecting the presence of the first target nucleic 
acid on the Solid Support comprises detecting an amount of 
the first target nucleic acid on the solid support. It will be 
evident that the amount of the target nucleic acid captured on 
the Solid Support is proportional to the amount of the target 
nucleic acid present in the original sample. For example, in 
one class of embodiments in which a label is used, an inten 
sity of a signal from the label can be measured (e.g., for each 
set of particles or each selected position on the Solid Support, 
in multiplex embodiments), and correlated with a quantity of 
the corresponding target nucleic acid present. 
0112 Due to efficient capture of each target nucleic acid 
by hybridization to multiple capture extenders, for example, 
even target nucleic acids present at low concentration can be 
captured and detected. Thus, in one class of embodiments, the 
first target nucleic acid is present in the sample in a non-zero 
amount of 100 amol or less, 50 amol or less, 10 amol or less, 
1 amol or less, 0.1 amol or less, 0.05 amol or less, or even 0.01 
amol or less. Similarly, two target nucleic acids can be cap 
tured and detected simultaneously, even when they differ 
greatly in concentration (e.g., by 1000-fold or more) in the 
sample. The methods are thus extremely versatile. 
0113 Capture of a particular target nucleic acid is option 
ally quantitative. Thus, in one exemplary class of embodi 
ments, at least 30%, at least 50%, at least 80%, at least 90%, 
at least 95%, or even at least 99% of a total amount of the first 
target nucleic acid present in the sample is captured on the 
Solid Support. Second, third, etc. nucleic acids can similarly 
be quantitatively captured. Such quantitative capture can 
occur without capture of a significant amount of undesired 
nucleic acids, even those of very similar sequence to the target 
nucleic acid. 
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0114. Thus, in one class of embodiments, in addition to the 
first target nucleic acid, the sample comprises or is Suspected 
of comprising a nucleic acid which has a polynucleotide 
sequence which is 95% or more identical to that of the first 
target nucleic acid (e.g., 96% or more, 97% or more, 98% or 
more, or even 99% or more identical). The first target nucleic 
acid is captured on the Solid Support, while the other nucleic 
acid comprises 1% or less of a total amount of nucleic acid 
captured on the solid support (e.g., 0.5% or less, 0.2% or less, 
or even 0.1% or less; for multiplex embodiments, percent 
capture is assessed, e.g., on the corresponding first set of 
particles or first selected position on the solid support). The 
other nucleic acid can be another target nucleic acid or simply 
any nucleic acid. Typically, capture extenders are chosen that 
hybridize to regions of the first target nucleic acid having the 
greatest sequence difference from the other nucleic acid. 
0115. A capture probe and/or capture extender optionally 
comprises at least one non-natural nucleotide. For example, a 
capture probe and the corresponding capture extender option 
ally comprise, at complementary positions, at least one pair of 
non-natural nucleotides that base pair with each other but that 
do not Watson-Crick base pair with the bases typical to bio 
logical DNA or RNA (i.e., A, C, G, T, or U). Examples of 
nonnatural nucleotides include, but are not limited to, Locked 
NucleicAcidTM nucleotides (available from Exicon A/S, 
www (dot) exiqon (dot) com; see, e.g., SantaLucia Jr. (1998) 
Proc Natl Acad Sci95:1460-1465) and isoG, isoC, and other 
nucleotides used in the AEGIS system (Artificially Expanded 
Genetic Information System, available from EraGen Bio 
Sciences, www (dot) eragen (dot) com; see, e.g., U.S. Pat. No. 
6,001,983, U.S. Pat. No. 6,037,120, and U.S. Pat. No. 6,140, 
496). Use of such non-natural base pairs (e.g., isoG-isoC base 
pairs) in the capture probes and capture extenders can, for 
example, reduce background and/or simplify probe design by 
decreasing cross hybridization, or it can permit use of shorter 
capture probes and capture extenders when the non-natural 
base pairs have higher binding affinities than do natural base 
pairs. Non-natural nucleotides can similarly be included in 
the label extenders, amplification multimers, and/or label 
probes, if desired. 
Methods for Detecting Nucleic Acids from Plasma 
0116. Similar methods can be used to detect nucleic acids 
from blood plasma. Although current techniques typically 
involve concentration of RNA from large volumes of plasma 
prior to detection, e.g., by passing the plasma through a col 
umn to collect circulating RNAs on the column or by isolation 
of viral particles, the methods of the present invention facili 
tate detection of nucleic acids directly from the plasma. 
0117 Thus, one general class of embodiments provides 
methods of detecting at least a first target nucleic acid. In the 
methods, plasma comprising the first target nucleic acid is 
provided. The plasma is contacted with a first set of n capture 
extenders, wherein n is at least two. The first set of capture 
extenders is capable of hybridizing to the first target nucleic 
acid. The first target nucleic acid is hybridized to the first set 
of capture extenders, and the first set of capture extenders is 
associated with a solid Support. The first target nucleic acid is 
captured on the Solid Support by hybridizing the first target 
nucleic acid to the first set of capture extenders and associat 
ing the first set of capture extenders with the solid support. 
The presence of the first target nucleic acid on the solid 
Support is then detected. The hybridization and association 
steps can be, e.g., either simultaneous or sequential. 
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0118. In one class of embodiments, the methods include 
contacting the plasma with an exogenously Supplied protease 
(a protease that is added to the plasma by a user of the 
methods, as opposed to a protease which is endogenous to 
plasma and is thus already present), typically prior to contact 
ing the plasma with the first set of capture extenders. As for 
the methods above, a variety of proteases are known in the art 
and can be adapted to the practice of the present invention; an 
effective concentration of protease, time for which the lysate 
is incubated with the protease, and the like can be determined 
by routine experimentation, e.g., by ensuring that an exog 
enously added RNA can be quantitatively detected in the 
plasma. In one embodiment, the protease is proteinase K. 
0119 The plasma is optionally contacted with the protease 
in a digestion mixture, and the Volume of plasma in the 
mixture is optionally at most /2, at most /3, or at most /s the 
volume of the mixture. For example, the volume of plasma 
used can be at most /10, /50, /100, or /150 the volume of the 
mixture. The remainder of the volume of the mixture can 
comprise a buffered salt solution, a detergent (e.g., lithium 
lauryl Sulfate), water, and/or the like; for example, the plasma 
can be mixed with a lysis buffer such as that described in 
Example 1 below. 
0.120. The methods can be applied to detection of essen 

tially any type of nucleic acids. For example, the first target 
nucleic acid can be a DNA or an RNA. A target nucleic acid 
can, for example, be expressed by the organism from which 
the plasma is obtained or by a pathogen, and can be, e.g., free 
in the plasma or associated with one or more proteins, lipids, 
and/or the like, e.g. as a virion. 
I0121. It will be understood that if the first target nucleic 
acid is initially present in the plasma in a double-stranded 
form, e.g., hybridized to a complementary nucleic acid, the 
double-stranded form is denatured prior to hybridizing the 
first target nucleic acid to the first set of capture extenders. 
Denaturation can be accomplished, for example, by thermal 
denaturation, exposure to alkaline conditions (which can 
have the added advantage of digesting extraneous RNA if the 
target nucleic acid is a DNA), or similar techniques. The 
methods can thus be used for detecting, e.g., double-stranded 
genomic DNA, double-stranded viral nucleic acids, and the 
like, as well as single-stranded nucleic acids such as mRNAS. 
0.122 Essentially all of the features noted for the methods 
above apply to these embodiments as well, as relevant; for 
example, with respect to number of capture extenders perset, 
type of Solid Support, association of the capture extenders 
with the Solid Support, detection technique, composition of 
the optional label probe system, type of label, inclusion of 
blocking probes, quantitation of the target nucleic acid(s), 
separation of unbound materials from the solid Support, and/ 
or the like. 
I0123 For example, in one preferred class of embodi 
ments, a first capture probe is bound to the Solid Support, and 
associating the first set of capture extenders with the Solid 
Support comprises hybridizing the capture extenders to the 
first capture probe. As another example, the presence of the 
first target nucleic acid on the Solid Support is optionally 
detected by hybridizing a first set of one or more label extend 
ers and a label probe System comprising a label to the first 
target nucleic acid and then detecting the presence of the label 
on the Solid Support. 
0.124. As for the embodiments above, the methods can be 
conveniently multiplexed to detect two or more target nucleic 
acids simultaneously. Thus, in one class of embodiments, the 
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plasma comprises a second target nucleic acid and the meth 
ods include contacting the plasma with a second set of m 
capture extenders, wherein m is at least two (preferably at the 
same time the plasma is contacted with the first set of capture 
extenders); this second set of capture extenders is capable of 
hybridizing to the second target nucleic acid. The second 
target nucleic acid is hybridized to the second set of capture 
extenders, and the second set of capture extenders is associ 
ated with the solid support. Hybridizing the second target 
nucleic acid to the second set of capture extenders and asso 
ciating the second set of capture extenders with the Solid 
Support captures the second target nucleic acid on the solid 
Support. The presence of the second target nucleic acid on the 
solid support is then detected. It will be evident that n, the 
number of capture extenders in the first set, can but need not 
be the same as m, the number of capture extenders in the 
second set. As for the first target nucleic acid, the second 
target nucleic acid can be essentially any type of nucleic acid. 
0.125. In one class of embodiments, the solid support is a 
Substantially planar Solid Support, the first target nucleic acid 
is captured at a first selected position on the Solid Support, and 
the second target nucleic acid is captured at a second selected 
position on the solid support. For example, the first set of 
capture extenders can be hybridized to a first capture probe 
predisposed at the first selected position, while the second set 
of capture extenders is hybridized to a second capture probe 
predisposed at the second selected position. As for the 
embodiments above, essentially any suitable solid support 
can be employed. 
0126. In another class of embodiments, the solid support 
comprises a population of particles. The population includes 
at least two sets of particles, and the particles in each set are 
distinguishable from the particles in every other set. The first 
target nucleic acid is captured on a first set of the particles, and 
the second target nucleic acid is captured on a second set of 
the particles. For example, the first set of particles can com 
prise a first capture probe that is capable of hybridizing to the 
capture extenders comprising the first set of capture extenders 
(and thereby capturing the first target nucleic acid on the first 
set of particles), and the second set of particles can comprise 
a second capture probe that is capable of hybridizing to the 
capture extenders comprising the second set of capture 
extenders (and thereby capturing the second target nucleic 
acid on the second set of particles). In this class of embodi 
ments, detecting the presence of the first and second nucleic 
acid on the solid Support typically includes identifying at least 
a portion of the particles from each set and detecting the 
presence of nucleic acid on particles from each set. As for the 
embodiments above, essentially any Suitable particles, e.g., 
particles having distinguishable characteristics and to which 
capture probes can be attached, can be used. For example, in 
one preferred class of embodiments, the particles are micro 
spheres. 
0127. It will be evident that third, fourth, fifth, etc. target 
nucleic acids are optionally also detected. The at least one 
target nucleic acid to be detected thus optionally includes two 
or more, five or more, 10 or more, 20 or more, 30 or more, 40 
or more, 50 or more, or even 100 or more target nucleic acids 
which are present or suspected to be present in the whole 
blood. A like number of sets of capture extenders, and typi 
cally a like number of selected positions on a Substantially 
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planar Solid Support or a like number of sets of particles, are 
also provided and used to capture and detect the target nucleic 
acids. 

Compositions 

I0128 Compositions related to the methods are another 
feature of the invention. Thus, one general class of embodi 
ments provides a composition that includes a first set of n 
capture extenders, wherein n is at least two, and peripheral 
blood cell nucleic acids. The first set of capture extenders is 
capable of hybridizing to (and optionally is hybridized to) a 
first target nucleic acid. The first set of capture extenders is 
associated with, or is capable of being associated with, a solid 
Support. 
I0129. In one class of embodiments, the composition 
includes a whole blood lysate comprising the peripheral 
blood cell nucleic acids. The volume of whole blood from 
which the lysate is produced is optionally at most /2, /3, /s, 
/10, /so, /100, or /15o the volume of the composition. In 
another class of embodiments, the composition includes a 
peripheral blood cell lysate comprising the peripheral blood 
cell nucleic acids. 

0.130. The composition can include the first target nucleic 
acid. The peripheral blood cell nucleic acids optionally com 
prise the first target nucleic acid; alternatively, the first target 
nucleic acid can, e.g., be a nucleic acid found in the plasma. 
The composition optionally includes nucleic acids from 
whole blood, where nucleic acids from plasma and all blood 
cell types (e.g., red blood cells, white blood cells, and plate 
lets) are represented or potentially represented, no plasma, 
cells, or cell type having been deliberately enriched in or 
removed from the sample of whole blood. 
I0131. In one class of embodiments, the composition 
includes an exogenously Supplied protease (e.g., proteinase 
K) and/or a detergent. The composition optionally also 
includes reagents used to detect the first target nucleic acid. 
For example, in one class of embodiments, the composition 
includes a first set of one or more label extenders, which first 
set of label extenders is capable of hybridizing to (and option 
ally is hybridized to) the first target nucleic acid. The compo 
sition optionally also includes a label probe System compris 
ing a label. 
0.132. The composition can include the solid support. The 
capture extenders are optionally bound to the Solid Support, 
e.g., covalently or noncovalently, directly or through a linker, 
e.g., Streptavidin-biotin or the like. In one preferred class of 
embodiments, a first capture probe is bound to the solid 
support. The first capture probe is capable of hybridizing to 
(and optionally is hybridized to) the capture extenders of the 
first set of capture extenders and thereby associating the cap 
ture extenders with the solid support. As noted above, the 
Solid Support can be essentially any Suitable Support, includ 
ing any of a variety of materials, configurations, and the like. 
For example, in one class of embodiments, the Solid Support 
is a Substantially planar Solid Support, e.g., an upper Surface of 
the bottom of a well of a multiwell plate, a slide, or the like. 
Similarly, suitable solid supports include any surface of a well 
of a multiwell plate, whether planar or not. As another 
example, the Solid Support can comprise a plurality of par 
ticles, e.g., microspheres, beads, cylindrical particles, irregu 
larly shaped particles, or the like. The particles are optionally 
identifiable, and optionally have additional or other desirable 
characteristics. 
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0133. The composition optionally includes a second set of 
m capture extenders, wherein m is at least two. The second set 
of capture extenders is capable of hybridizing to (and option 
ally is hybridized to) a second target nucleic acid, and the 
second set of capture extenders is associated with, or is 
capable of being associated with, the solid Support. In one 
class of embodiments, the Solid Support is a Substantially 
planar Solid Support, wherein the first set of capture extenders 
is associated with or is capable of being associated with a first 
selected position on the Solid Support, and wherein the second 
set of capture extenders is associated with or is capable of 
being associated with a second selected position on the Solid 
support. A first capture probe capable of hybridizing to the 
capture extenders of the first set is optionally bound to the 
solid support at the first selected position while a second 
capture probe capable of hybridizing to the capture extenders 
of the second set is bound to the solid support at the second 
selected position. In another class of embodiments, the Solid 
Support comprises a population of particles that includes at 
least two sets of particles, and the particles in each set are 
distinguishable from the particles in every other set. The first 
set of capture extenders is associated with or is capable of 
being associated with a first set of the particles, and the second 
set of capture extenders is associated with or is capable of 
being associated with a second set of the particles. Optionally, 
the first set of particles comprises a first capture probe capable 
of hybridizing to the capture extenders comprising the first set 
of capture extenders, while the second set of particles com 
prises a second capture probe capable of hybridizing to the 
capture extenders comprising the second set of capture 
extenders. The composition optionally includes the second 
target nucleic acid. It will be evident that the composition 
optionally also includes third, fourth, fifth, etc. target nucleic 
acids, sets of capture extenders, sets of particles or selected 
positions on the solid Support, and/or the like. 
0134 Essentially all of the features noted for the methods 
above apply to these embodiments as well, as relevant; for 
example, with respect to number of capture extenders perset, 
composition of the label probe system, type of label, inclu 
sion of blocking probes, type of target nucleic acid(s), and/or 
the like. 

0135 Another general class of embodiments provides a 
composition that includes a first set of n capture extenders, 
wherein n is at least two, and plasma. The first set of capture 
extenders is capable of hybridizing to (and optionally is 
hybridized to) a first target nucleic acid. The first set of cap 
ture extenders is associated with, or is capable of being asso 
ciated with, a solid Support. 
0136. The composition can include the first target nucleic 
acid. In one class of embodiments, the composition includes 
an exogenously Supplied protease (e.g., proteinase K) and/or 
a detergent. The Volume of the plasma is optionally at most /2. 
/3, /5, /10, /so, /100, or /15o the volume of the composition. 
The composition optionally also includes reagents used to 
detect the first target nucleic acid. For example, in one class of 
embodiments, the composition includes a first set of one or 
more label extenders, which first set of label extenders is 
capable of hybridizing to the first target nucleic acid. The 
composition optionally also includes a label probe System 
comprising a label. 
0.137 The composition can include the solid support. The 
capture extenders are optionally bound to the Solid Support, 
e.g., covalently or noncovalently, directly or through a linker, 
e.g., Streptavidin-biotin or the like. In one preferred class of 
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embodiments, a first capture probe is bound to the solid 
support. The first capture probe is capable of hybridizing to 
the capture extenders of the first set of capture extenders and 
thereby associating the capture extenders with the Solid Sup 
port. As noted above, the Solid Support can be essentially any 
Suitable Support, including any of a variety of materials, con 
figurations, and the like. For example, in one class of embodi 
ments, the Solid Support is a Substantially planar Solid Sup 
port, e.g., an upper Surface of the bottom of a well of a 
multiwell plate, a slide, or the like. Similarly, suitable solid 
Supports include any Surface of a well of a multiwell plate, 
whether planar or not. As another example, the Solid Support 
can comprise a plurality of particles, e.g., microspheres, 
beads, cylindrical particles, irregularly shaped particles, or 
the like. The particles are optionally identifiable, and option 
ally have additional or other desirable characteristics. 
0.138. The composition optionally includes a second set of 
m capture extenders, wherein m is at least two. The second set 
of capture extenders is capable of hybridizing to (and option 
ally is hybridized to) a second target nucleic acid, and the 
second set of capture extenders is associated with, or is 
capable of being associated with, the solid Support. In one 
class of embodiments, the Solid Support is a Substantially 
planar Solid Support, wherein the first set of capture extenders 
is associated with or is capable of being associated with a first 
selected position on the Solid Support, and wherein the second 
set of capture extenders is associated with or is capable of 
being associated with a second selected position on the Solid 
Support. A first capture probe capable of hybridizing to the 
capture extenders of the first set is optionally bound to the 
solid support at the first selected position while a second 
capture probe capable of hybridizing to the capture extenders 
of the second set is bound to the solid support at the second 
selected position. In another class of embodiments, the solid 
Support comprises a population of particles that includes at 
least two sets of particles, and the particles in each set are 
distinguishable from the particles in every other set. The first 
set of capture extenders is associated with or is capable of 
being associated with a first set of the particles, and the second 
set of capture extenders is associated with or is capable of 
being associated with a second set of the particles. Optionally, 
the first set of particles comprises a first capture probe capable 
of hybridizing to the capture extenders comprising the first set 
of capture extenders, while the second set of particles com 
prises a second capture probe capable of hybridizing to the 
capture extenders comprising the second set of capture 
extenders. The composition optionally includes the second 
target nucleic acid. It will be evident that the composition 
optionally also includes third, fourth, fifth, etc. target nucleic 
acids, sets of capture extenders, sets of particles or selected 
positions on the solid Support, and/or the like. 
0.139 Essentially all of the features noted for the embodi 
ments above apply to these embodiments as well, as relevant; 
for example, with respect to number of capture extenders per 
set, composition of the label probe system, type of label, 
inclusion of blocking probes, type of target nucleic acid(s), 
and/or the like. 

Kits 

0140 Yet another general class of embodiments provides 
a kit for detecting at least a first target nucleic acid. The kit 
includes a first capture probe bound to a solid Support, a first 
set of n capture extenders, wherein n is at least two, a label 
probe System comprising a label, a first set of one or more 
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label extenders, a first solution comprising a detergent, a 
protease, and instructions for detecting the first target nucleic 
acid in whole blood, in peripheral blood cells, and/or in 
plasma with the kit, packaged in one or more containers. The 
first set of capture extenders is capable of hybridizing to the 
first target nucleic acid and to the first capture probe, and the 
label extenders of the first set are capable of hybridizing to the 
first target nucleic acid and to the label probe System. 
0141. The protease can be included in the first solution, 
provided in another solution, or provided in dried form, for 
example. The first solution typically includes a buffer, salt, 
and/or the like in addition to the detergent (e.g., a detergent 
such as lithium lauryl sulfate). The kit optionally also 
includes additional buffered solutions (e.g., diluent, hybrid 
ization buffer, and/or wash buffer), Standards comprising one 
or more nucleic acids at known concentration, blocking 
probes, and/or the like. 
0142. In one aspect, the kits are configured for multiplex 
detection of target nucleic acids. Thus, in one class of 
embodiments, the kit also includes a second capture probe 
bound to the Solid Support, a second set of m capture extend 
ers, wherein m is at least two, and a second set of one or more 
label extenders. The second set of capture extenders is 
capable of hybridizing to a second target nucleic acid and to 
the second capture probe, and the label extenders of the sec 
ond set are capable of hybridizing to the second target nucleic 
acid and to the label probe system. It will be evident that third, 
fourth, fifth, etc. Support-bound capture probes, sets of cap 
ture extenders, and sets of label extenders are optionally also 
included in the kit, for detection of third, fourth, fifth, etc. 
target nucleic acids. 
0143 Essentially all of the features noted for the embodi 
ments above apply to these embodiments as well, as relevant; 
for example, with respect to number of capture extenders per 
set, type of solid Support, association of the capture extenders 
with the solid support, composition of the label probe system, 
type of label, type of target nucleic acid(s), and/or the like. 

Systems 

0144. In one aspect, the invention includes systems, e.g., 
systems used to practice the methods herein and/or compris 
ing the compositions described herein. The system can 
include, e.g., a fluid and/or particle (e.g., microsphere) han 
dling element, a fluid and/or particle containing element, a 
laser for exciting a fluorescent label and/or fluorescent par 
ticles, a detector for detecting light emissions from a chemi 
luminescent reaction or fluorescent emissions from a fluores 
cent label and/or fluorescent particles, and/or a robotic 
element that moves other components of the system from 
place to place as needed (e.g., a multiwell plate handling 
element). For example, in one class of embodiments, a com 
position of the invention is contained in a flow cytometer, a 
Luminex(R) 100TM or HTSTM instrument, a microplate reader, 
a microarray reader, a luminometer, a colorimeter, or like 
instrument. 
0145 The system can optionally include a computer. The 
computer can include appropriate software for receiving user 
instructions, either in the form of user input into a set of 
parameter fields, e.g., in a GUI, or in the form of prepro 
grammed instructions, e.g., preprogrammed for a variety of 
different specific operations. The software optionally con 
verts these instructions to appropriate language for control 
ling the operation of components of the system (e.g., for 
controlling a fluid handling element, robotic element and/or 
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laser). The computer can also receive data from other com 
ponents of the system, e.g., from a detector, and can interpret 
the data, provide it to a user in a human readable format, or use 
that data to initiate further operations, in accordance with any 
programming by the user. 

Labels 

0146 A wide variety of labels are well known in the art 
and can be adapted to the practice of the present invention. For 
example, luminescent labels and light-scattering labels (e.g., 
colloidal gold particles) have been described. See, e.g., Csaki 
et al. (2002) “Gold nanoparticles as novel label for DNA 
diagnostics' Expert Rev Mol Diagn 2:187-93. 
0147 As another example, a number of fluorescent labels 
are well known in the art, including but not limited to, hydro 
phobic fluorophores (e.g., phycoerythrin, rhodamine, Alexa 
Fluor 488 and fluorescein), green fluorescent protein (GFP) 
and variants thereof (e.g., cyan fluorescent protein and yellow 
fluorescent protein), and quantum dots. See e.g., Haughland 
(2003) Handbook of Fluorescent Probes and Research Prod 
ucts, Ninth Edition or Web Edition, from Molecular Probes, 
Inc., for descriptions of fluorophores emitting at various dif 
ferent wavelengths (including tandem conjugates of fluoro 
phores that can facilitate simultaneous excitation and detec 
tion of multiple labeled species). For use of quantum dots as 
labels for biomolecules, see e.g., Dubertret et al. (2002) Sci 
ence 298:1759; Nature Biotechnology (2003) 21:41-46; and 
Nature Biotechnology (2003) 21:47-51. 
0148 Labels can be introduced to molecules, e.g. poly 
nucleotides, during synthesis or by postsynthetic reactions by 
techniques established in the art; for example, kits for fluo 
rescently labeling polynucleotides with various fluorophores 
are available from Molecular Probes, Inc. (www (dot) 
molecularprobes (dot) com), and fluorophore-containing 
phosphoramidites for use in nucleic acid synthesis are com 
mercially available. Similarly, signals from the labels (e.g., 
absorption by and/or fluorescent emission from a fluorescent 
label) can be detected by essentially any method known in the 
art. For example, multicolor detection, detection of FRET. 
fluorescence polarization, and the like, are well known in the 
art. 

Microspheres 

0149 Microspheres are preferred particles in certain 
embodiments described herein since they are generally 
stable, are widely available in a range of materials, Surface 
chemistries and uniform sizes, and can be fluorescently dyed. 
Microspheres can be distinguished from each other by iden 
tifying characteristics such as their size (diameter) and/or 
their fluorescent emission spectra, for example. 
0150 Luminex Corporation (www (dot) luminexcorp 
(dot) com), for example, offers 100 sets of uniform diameter 
polystyrene microspheres. The microspheres of each set are 
internally labeled with a distinct ratio of two fluorophores. A 
flow cytometer or other suitable instrument can thus be used 
to classify each individual microsphere according to its pre 
defined fluorescent emission ratio. Fluorescently-coded 
microsphere sets are also available from a number of other 
Suppliers, including Radix BioSolutions (www (dot) radix 
biosolutions (dot) com) and Upstate Biotechnology (www 
(dot) upstatebiotech (dot) com). Alternatively, BD Bio 
Sciences (www (dot) bd (dot) com) and Bangs Laboratories, 
Inc. (www (dot) bangslabs (dot) com) offer microsphere sets 
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distinguishable by a combination of fluorescence and size. As 
another example, microspheres can be distinguished on the 
basis of sizealone, but fewer sets of such microspheres can be 
multiplexed in an assay because aggregates of smaller micro 
spheres can be difficult to distinguish from larger micro 
spheres. 
0151 Microspheres with a variety of surface chemistries 
are commercially available, from the above Suppliers and 
others (e.g., see additional Suppliers listed in Kellar and Ian 
none (2002) “Multiplexed microsphere-based flow cytomet 
ric assays' Experimental Hematology 30:1227-1237 and 
Fitzgerald (2001) “Assays by the score” The Scientist 1511: 
25). For example, microspheres with carboxyl, hydrazide or 
maleimide groups are available and permit covalent coupling 
of molecules (e.g., polynucleotide capture probes with free 
amine, carboxyl, aldehyde, sulfhydryl or other reactive 
groups) to the microspheres. As another example, micro 
spheres with surface avidin or streptavidin are available and 
can bind biotinylated capture probes; similarly, microspheres 
coated with biotin are available for binding capture probes 
conjugated to avidin or Streptavidin. In addition, services that 
couple a capture reagent of the customer's choice to micro 
spheres are commercially available, e.g., from Radix Bioso 
lutions (www (dot) radixbiosolutions (dot) com). 
0152 Protocols for using such commercially available 
microspheres (e.g., methods of covalently coupling poly 
nucleotides to carboxylated microspheres for use as capture 
probes, methods of blocking reactive sites on the microsphere 
surface that are not occupied by the polynucleotides, methods 
of binding biotinylated polynucleotides to avidin-functional 
ized microspheres, and the like) are typically Supplied with 
the microspheres and are readily utilized and/or adapted by 
one of skill. In addition, coupling of reagents to microspheres 
is well described in the literature. For example, see Yang et al. 
(2001) “BADGE, Beads Array for the Detection of Gene 
Expression, a high-throughput diagnostic bioassay” Genome 
Res. 11:1888-98: Fulton et al. (1997)“Advanced multiplexed 
analysis with the FlowMetrixTM system” Clinical Chemistry 
43:1749-1756; Jones et al. (2002) “Multiplex assay for detec 
tion of strain-specific antibodies against the two variable 
regions of the G protein of respiratory syncytial virus 9:633 
638; Camilla et al. (2001) “Flow cytometric microsphere 
based immunoassay: Analysis of secreted cytokines in 
whole-blood samples from asthmatics' Clinical and Diag 
nostic Laboratory Immunology 8.776-784; Martins (2002) 
“Development of internal controls for the Luminex instru 
ment as part of a multiplexed seven-analyte viral respiratory 
antibody profile Clinical and Diagnostic Laboratory Immu 
nology 9:41-45; Kellar and Iannone (2002) “Multiplexed 
microsphere-based flow cytometric assays' Experimental 
Hematology 30:1227-1237; Oliveretal. (1998)“Multiplexed 
analysis of human cytokines by use of the FlowMetrix sys 
tem” Clinical Chemistry 44:2057-2060; Gordon and 
McDade (1997) “Multiplexed quantification of human IgG, 
IgA, and IgM with the FlowMetrixTM system” Clinical 
Chemistry 43:1799-1801; U.S. Pat. No. 5,981,180 entitled 
“Multiplexed analysis of clinical specimens apparatus and 
methods” to Chandler et al. (Nov. 9, 1999); U.S. Pat. No. 
6,449,562 entitled “Multiplexed analysis of clinical speci 
mens apparatus and methods” to Chandler et al. (Sep. 10, 
2002); and references therein. 
0153 Methods of analyzing microsphere populations 
(e.g. methods of identifying microsphere Subsets by their size 
and/or fluorescence characteristics, methods of using size to 
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distinguish microsphere aggregates from single uniformly 
sized microspheres and eliminate aggregates from the analy 
sis, methods of detecting the presence or absence of a fluo 
rescent label on the microsphere subset, and the like) are also 
well described in the literature. See, e.g., the above refer 
CCCS, 

0154 Suitable instruments, software, and the like for ana 
lyzing microsphere populations to distinguish Subsets of 
microspheres and to detect the presence or absence of a label 
(e.g., a fluorescently labeled label probe) on each subset are 
commercially available. For example, flow cytometers are 
widely available, e.g., from Becton-Dickinson (www (dot) bd 
(dot) com) and Beckman Coulter (www (dot) beckman (dot) 
com). Luminex(R) 100TM and Luminex HTSTM systems 
(which use microfluidics to align the microspheres and two 
lasers to excite the microspheres and the label) are available 
from Luminex Corporation (www (dot) luminexcorp (dot) 
com); the similar Bio-PlexTM Protein Array System is avail 
able from Bio-Rad Laboratories, Inc. (www (dot) bio-rad 
(dot) com). A confocal microplate reader Suitable for micro 
sphere analysis, the FMATTM System 8100, is available from 
Applied Biosystems (www (dot) appliedbiosystems (dot) 
com). 
0.155. As another example of particles that can be adapted 
for use in the present invention, sets of microbeads that 
include optical barcodes are available from CyVera, now part 
of Illumina, Inc. (www (dot) illumina (dot) com). The optical 
barcodes are holographically inscribed digital codes that dif 
fract a laser beam incident on the particles, producing an 
optical signature unique for each set of microbeads. 

Molecular Biological Techniques 
0156. In practicing the present invention, many conven 
tional techniques in molecular biology, microbiology, and 
recombinant DNA technology are optionally used. These 
techniques are well known and are explained in, for example, 
Berger and Kimmel, Guide to Molecular Cloning Tech 
niques, Methods in Enzymology Volume 152 Academic 
Press, Inc., San Diego, Calif.; Sambrook et al., Molecular 
Cloning A Laboratory Manual (3rd Ed.), Vol. 1-3, Cold 
Spring Harbor Laboratory, Cold Spring Harbor, N.Y., 2000 
and Current Protocols in Molecular Biology, F. M. Ausubel et 
al., eds. Current Protocols, a joint venture between Greene 
Publishing Associates, Inc. and John Wiley & Sons, Inc., 
(supplemented through 2005). Other useful references, e.g. 
for cell isolation and culture (e.g., for Subsequent nucleic acid 
or protein isolation) include Freshney (1994) Culture of Ani 
mal Cells, a Manual of Basic Technique, third edition, Wiley 
Liss, New York and the references cited therein; Payne et al. 
(1992) Plant Cell and Tissue Culture in Liquid Systems John 
Wiley & Sons, Inc. New York, N.Y.: Gamborg and Phillips 
(Eds.) (1995) Plant Cell, Tissue and Organ Culture; Funda 
mental Methods Springer Lab Manual, Springer-Verlag (Ber 
lin Heidelberg New York) and Atlas and Parks (Eds.) The 
Handbook of Microbiological Media (1993) CRC Press, 
Boca Raton, Fla. 
(O157 Making Polynucleotides 
0158 Methods of making nucleic acids (e.g., by in vitro 
amplification, purification from cells, or chemical synthesis), 
methods for manipulating nucleic acids (e.g., by restriction 
enzyme digestion, ligation, etc.) and various vectors, cell 
lines and the like useful in manipulating and making nucleic 
acids are described in the above references. In addition, meth 
ods of making branched polynucleotides (e.g., amplification 



US 2012/O157348 A1 

multimers) are described in U.S. Pat. No. 5,635,352, U.S. Pat. 
No. 5,124,246, U.S. Pat. No. 5,710,264, and U.S. Pat. No. 
5,849,481, as well as in other references mentioned above. 
0159. In addition, essentially any polynucleotide (includ 
ing, e.g., labeled or biotinylated polynucleotides) can be cus 
tom or standard ordered from any of a variety of commercial 
sources, such as The Midland Certified Reagent Company 
(www (dot) mcrc (dot) com). The Great American Gene 
Company (www (dot) genco (dot) com), ExpressGen Inc. 
(www (dot) expressgen (dot) com), Qiagen (on the internet at 
oligos (dot) qiagen (dot) com) and many others. 
0160 A label, biotin, or other moiety can optionally be 
introduced to a polynucleotide, either during or after synthe 
sis. For example, a biotin phosphoramidite can be incorpo 
rated during chemical synthesis of a polynucleotide. Alterna 
tively, any nucleic acid can be biotinylated using techniques 
known in the art; suitable reagents are commercially avail 
able, e.g., from Pierce Biotechnology (www (dot) piercenet 
(dot) com). Similarly, any nucleic acid can be fluorescently 
labeled, for example, by using commercially available kits 
such as those from Molecular Probes, Inc. (www (dot) 
molecularprobes (dot) com) or Pierce Biotechnology (www 
(dot) piercenet (dot) com) or by incorporating a fluorescently 
labeled phosphoramidite during chemical synthesis of a poly 
nucleotide. 

Arrays 

0161 In an array of capture probes on a solid Support (e.g., 
a membrane, a glass or plastic slide, a silicon or quartz, chip, 
a plate, or other spatially addressable solid Support), each 
capture probe is typically bound (e.g., electrostatically or 
covalently bound, directly or via a linker) to the support at a 
unique selected location. Methods of making, using, and 
analyzing Such arrays (e.g., microarrays) are well known in 
the art. See, e.g., Baldi et al. (2002) DNA Microarrays and 
Gene Expression: From Experiments to Data Analysis and 
Modeling, Cambridge University Press; Beaucage (2001) 
“Strategies in the preparation of DNA oligonucleotide arrays 
for diagnostic applications’ Curr Med Chem 8:1213-1244: 
Schena, ed. (2000) Microarray Biochip Technology, pp. 
19-38, Eaton Publishing; technical note “Agilent SurePrint 
Technology: Content centered microarray design enabling 
speed and flexibility” available at www (dot) chem (dot) 
agilent (dot) com/temp/rad01539/00039489 (dot) pdf and 
references therein. Arrays of pre-synthesized polynucleotides 
can be formed (e.g., printed), for example, using commer 
cially available instruments such as a GMS 417 Arrayer (Alf 
fymetrix, Santa Clara, Calif.). Alternatively, the polynucle 
otides can be synthesized at the selected positions on the solid 
support; see, e.g., U.S. Pat. No. 6,852,490 and U.S. Pat. No. 
6,306,643, each to Gentanlen and Chee entitled "Methods of 
using an array of pooled probes in genetic analysis.” 
0162 Suitable solid supports are commercially readily 
available. For example, a variety of membranes (e.g., nylon, 
PVDF, and nitrocellulose membranes) are commercially 
available, e.g., from Sigma-Aldrich, Inc. www (dot) sig 
maaldrich (dot) com). As another example, Surface-modified 
and pre-coated slides with a variety of surface chemistries are 
commercially available, e.g., from TeleChem International 
(www (dot) arrayit (dot) com), Corning, Inc. (Corning, N.Y.), 
or Greiner Bio-One, Inc. (www (dot) greinerbiooneinc (dot) 
com). For example, silanated and silyated slides with free 
amino and aldehyde groups, respectively, are available and 
permit covalent coupling of molecules (e.g., polynucleotides 
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with free aldehyde, amine, or other reactive groups) to the 
slides. As another example, slides with Surface Streptavidin 
are available and can bind biotinylated capture probes. In 
addition, services that produce arrays of polynucleotides of 
the customer's choice are commercially available, e.g., from 
TeleChem International (www (dot) arrayit (dot) com) and 
Agilent Technologies (Palo Alto, Calif.). 
(0163 Suitable instruments, software, and the like for ana 
lyzing arrays to distinguish selected positions on the Solid 
Support and to detect the presence or absence of a label (e.g., 
a fluorescently labeled label probe) at each position are com 
mercially available. For example, microarray readers are 
available, e.g., from Agilent Technologies (Palo Alto, Calif.), 
Affymetrix (Santa Clara, Calif.), and Zeptosens (Switzer 
land). 

EXAMPLES 

0164. It is understood that the examples and embodiments 
described herein are for illustrative purposes only and that 
various modifications or changes in light thereofwill be Sug 
gested to persons skilled in the art and are to be included 
within the spirit and purview of this application and scope of 
the appended claims. Accordingly, the following examples 
are offered to illustrate, but not to limit, the claimed invention. 

Example 1 

Sensitive and Quantitative Measurement of Gene 
Expression Directly from Peripheral Whole Blood 

0.165. The following sets forth a series of experiments that 
demonstrate detection of nucleic acids from whole blood 
using bDNA assays. Both singleplex and multiplex assays are 
described. 
0166 Using current techniques, gene expression analysis 
of whole blood requires cell isolation, RNA purification, and/ 
or target amplification. This example, however, describes an 
assay to measure single- or multiplexed gene expression 
directly from whole blood without RNA purification, label 
ing, or amplification. The assay can detect, e.g., as little as 
0.01 attomol (singleplex) or 0.04 attomol (multiplex) of a 
target mRNA in 30 ul of blood, with a coefficient of variation 
less than 10% and a dynamic range of 3-4 logs. The assay is 
sensitive enough to quantitatively measure gene expression 
from cells in the minority in whole blood, with signals that are 
several times higher than those from assays using RNA puri 
fied from an equivalent amount of blood. The assay was used 
to evaluate the impact of blood processing on gene expression 
and indicated that PAXgene(R) treatment induced expression 
of known antiapoptotic genes during processing of the whole 
blood. 

0167. The method can directly measure RNA in whole 
blood lysates, with excellent sensitivity and reproducibility. 
The assay does not require blood processing (other than direct 
lysis), RNA extraction, or enzymatic manipulation of sample 
RNA. Because detection is based on hybridization between a 
target RNA and oligonucleotide probes, no enzymatic 
manipulation of the target is needed; the measured signal is 
directly proportional to the target RNA, instead of to any 
derivatives of it such as cDNA, cRNA, or an amplified prod 
uct. The assay is presented in a singleplex format using a 
multi-well plate and chemiluminescent detection, and in a 
multiplex format combining the Luminex XMAPR) encoded 
bead platform with fluorescent detection. 
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(0168 Overview of the Assay 
0169 Analogous to an ELISA sandwich assay, this exem 
plary assay utilizes nucleic acid sandwich binding to capture 
target RNAs in whole blood lysates to a solid support. The 
ability to quantify an mRNA transcript without target labeling 
lies in the design of a set of target-specific oligonucleotide 
probes (e.g., about 20 probes per target as in this example). 
The detection signal is amplified using branched-DNA 
(bDNA) signal amplification technology (Urdea, M. S. et al. 
(1991) “Branched DNA amplification multimers for the sen 
sitive: direct detection of human hepatitis viruses' Nucleic 
Acids Symp Ser 24: 197-200). An overview of the assay is 
shown in FIG. 1. 
(0170 Assay Performance 
0171 b)NA assays have been used successfully to quan 

tify gene expression in total RNA and tissue culture lysates 
and in viral particles purified from human plasma (Urdea, M. 
S. et al. (1991) “Branched DNA amplification multimers for 
the sensitive:direct detection of human hepatitis viruses” 
Nucleic Acids Symp Ser 24:197-200; Hartley, D. P. and 
Klaassen, C. D. (2000) “Detection of Chemical-Induced Dif 
ferential Expression of Rat Hepatic Cytochrome P450 
mRNA Transcripts. Using Branched DNA Signal Amplifica 
tion Technology' Drug Metab Dispos 28:608-616; Wang, J. 
et al. (1997) Regulation of insulin preRNA splicing by glu 
cose PNAS 94:4360-4365; and Gleaves, C. A. et al. (2002) 
“Multicenterevaluation of the Bayer VERSANT HIV-1 RNA 
3.0 assay: analytical and clinical performance' J Clin Virol 
25:205-16). However, there has been no report on the use of 
bDNA to directly detect RNA in whole blood, presumably 
because of the unique challenges presented by whole blood 
that are not found in other tissues or cultured cells, including 
high protein content from plasma and red cells and high 
ribonuclease activity. Initial attempts to apply b)NA tech 
nology to measurement of mRNA from whole blood failed to 
generate specific signals. The complex content in blood 
lysates resulted in nonspecific binding of probes and high 
background, and the addition of blood lysate into purified in 
vitro transcripts resulted in significant loss of transcript sig 
nals, Suggesting the presence of residual ribonuclease activity 
in the whole blood lysate. 
0172. However, the methods described herein, which 
include incubating the lysate with an effective concentration 
of protease for an effective time at an effective temperature 
and limiting the blood to lysis buffer ratio, can enable detec 
tion of mRNA from whole blood. Using these methods, a 
linear signal response was observed for GAPDH (FIG. 4 
Panel A, diamonds; R =0.9898) and other genes tested in 
1-30 ul of whole blood, as well as in solubilized RNA pellets 
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formed from equivalent amounts of whole blood stabilized in 
PAXgeneR (FIG. 4 Panel B: R=0.9927). The average coef 
ficient of variation was 7% (representing 16 sample measure 
ments, each in triplicate) with a range of 0.4%–16%. 
0173 It is important to note that although both RNA and 
genomic DNA are present in the blood lysate, only RNA 
hybridizes to the probes under the assay conditions, since the 
genomic DNAS apparently remain annealed. Probes comple 
mentary to the antisense strand of a target gene did not give 
significant signal from whole blood lysate under standard 
assay conditions (FIG. 4 Panel A, squares). In a separate 
experiment, 500 ng of purified human genomic DNA (equiva 
lent to DNA from 20 ul whole blood) was hybridized with 
GAPDH probes understandard assay conditions, and no spe 
cific hybridization signals could be detected. 
0.174 Known amounts of an exogenous E. coli transcript 
(dapB, which does not cross hybridize with any known mam 
malian RNA) were added to the whole blood lysate to assess 
the assay’s analytical sensitivity. An in vitro E. coli dapB 
transcript was serially diluted, added to lysate produced from 
30 ul whole blood, and quantitated using dapB specific 
probes. As shown in FIG. 4 Panel C, the assay can specifically 
detect as little as 6000 copies (0.01 attomole) of target in the 
background of 30 ul blood, which includes about 2x10 white 
blood cells and 1.5x10 red blood cells. Linear regression R 
values for both curves are 0.99, and all signals are above the 
indicated Limit of Detection (LOD). The complex compo 
nents in blood lysate do not interfere with the detection of the 
specific mRNA target. Nearly 100% of the target molecules 
were captured onto the solid surface, as indicated by the 
generation of only minimal signals in a second assay measur 
ing the amount of target remaining in the unbound Superna 
tant of the first assay. The dynamic range of this method spans 
4 logs. Importantly, at all concentrations tested, target signals 
in the absence or presence of blood lysate are essentially 
identical (FIG. 4 Panel C). A similar result was obtained by 
adding transcripts of IL2, which was not detectable in 
unstimulated whole blood. These results indicate that this 
method permits specific quantitation of RNA, avoiding inter 
ference by blood constituents such as blood proteins and the 
high concentration of reticulocyte-specific RNAS Such as 
globin. 
0.175. To obtain a practical sense of the assay sensitivity, 
mRNAs of several blood cell surface markers were assayed in 
singleplex in 30 ul fresh whole blood (Table 1). mRNAs from 
all major blood subtypes in normal blood can be detected, 
including the minority cell types (e.g., B cells and NK cells). 
Thus, this assay provides the means to directly monitor gene 
expression in subpopulations of blood cells without blood 
fractionation. 

TABLE 1 

Detection of cell-type specific mRNA in whole blood. 

T cell 

Approx. cell number per ul 1600 
mRNA CD3E 

30 ul Blood(SD)* 7.0(1.1) 
Control (SD)*, ** 0.4(0.02) 

units are RLUs 

no blood 

platelet platelet 
T cell NK cell B cell Monocyte (reticulated) (reticulated) 

1600 300 3OO 500 92OO 92OO 
CD5 CDS6 CD19 CD14 CD61 CD41 

3.0(0.3) 1.5(0.1) 1.7(0.2) 21.8(1.1) 11.1 (1.9) 5.3 (0.6) 
0.3(0.01) 0.5 (0.03) 0.3 (0.03) 0.4(0.06) 0.5 (0.06) 0.4(0.05) 
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0176 A multiplexed assay for simultaneous detection of 
multiple messages in whole blood was also developed. The 
assay exploits LumineX encoded-bead technology and flow 
cytometry. As schematically depicted in FIG. 5 Panel A. 
fluorescently distinguishable latex beads (426,427, and 428) 
were conjugated with distinctive capture probe sequences 
(421, 422, and 423), pooled, and added to the assay well. 
Whole blood or PAXgene(R)-treated blood was lysed to 
release target mRNAs (411,412, and 413), which bind to their 
respective capture extender (CE; e.g., 401, 402, and 403), 
label extender (LE: e.g., 406, 407, and 408), and blocking 
probe (BP: 410) probes. The CEs for different genes of inter 
est carry distinctive extender sequences, each of which is 
complementary to the capture probe on the respective set of 
beads. After hybridization to capture the target on beads, 
bDNA amplifier molecules (430) were added and hybridized 
to the universal LE extender on each target, and biotinylated 
label probe oligos (431) were added to bind to the branches of 
the amplifier molecule (FIG. 5 Panel B). Strepavidin-conju 
gated phycoerythrin (SAPE; 432) was added to bind to the 
biotin on the label probes (FIG.5 Panel C), and the beads were 
assayed by flow cytometry (e.g., on the LuminexR 100TM IS 
flow system). The characteristic intrinsic fluorescence color 
code of each bead (which is spectrally distinct from the SAPE 
fluorescence) identifies the target gene being assayed, and the 
SAPE fluorescence intensity on the bead measures the target 
concentration. The current capability of the LumineX plat 
form (100 sets of distinctively coded beads) allows for up to 
100 genes to be simultaneously assayed with this technology. 
0177 Experiments with added in vitro transcripts, in 
which a mixture of 9 target IVTs was serially diluted, added 
to lysate produced from 20 Jul whole blood, and assayed using 
the multiplexed bead assay, indicated a good linearity of 
response (FIG. 6 Panel A) as well as high specificity (FIG. 6 
Panel B). As shown in FIG. 6 Panel B, components of the 
whole blood lysate do not interfere with the specific detection 
of mRNA target. The multiplexed assay as described in this 
example has a detection limit of 0.04 amol (25,000 copies) of 
each target molecule per assay of lysate produced from 20 ul 
of blood (which can be lowered, e.g., by use of more LEs per 
target) (FIG. 6 Panel B), with an average coefficient of varia 
tion of 8.1%. The reduced sensitivity compared to the single 
plex assay (FIG. 4 Panel C) resulted in part from the use of 
fluorescence detection instead of the more sensitive chemilu 
minescence detection. 

0.178 The assay was validated by demonstrating the 
upregulation of inflammatory cytokine genes in whole blood 
in response to E. coli LPS stimulation. As determined by a 
9-plex bead assay, after a 2 hour incubation of fresh whole 
blood at 37°C. with 10 g/ml LPS, expression of IL-1beta, 
IL8, IL6, and TNF-alpha were significantly induced, while 
expression of IL2, IL 10 and GM-CSF (CSF2) remains stable 
during this period (FIG. 6 Panel C), consistent with previ 
ously reported measurements of cytokine proteins (De 
Groote, D. et al. (1992) "Direct stimulation of cytokines (IL-1 
beta, TNF-alpha, IL-6, IL-2, IFN-gamma and GM-CSF) in 
whole blood. I. Comparison with isolated PBMC stimula 
tion’ Cytokine 4:239-48). Signals are linear with increasing 
blood volume, and were detected even in the lowest volume (4 
ul) tested (FIG. 6 Panels F and G). Interestingly, 37° C. ex 
Vivo incubation alone (no LPS) caused significant basal 
induction of IL1b, IL8 and TNF-alpha, but not IL6, in whole 
blood (FIG. 6 Panel C), consistent with the sensitivity to 
environmental conditions whole blood displays. In contrast to 
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the rapid response of inflammatory cytokine producing cells, 
the acquired immune response in whole blood was scarcely 
activated by LPS within 2 hours, as indicated by the lack of 
induction of several genes associated with antigen presenting 
cell activation (FIG. 6 Panel D); only ICAM1 showed signifi 
cant induction. Results from the multiplex and singleplex 
platforms are highly consistent (FIG. 6 Panel E). 
(0179 Assessment of the Effect of Blood Handling on 
Gene Expression 
0180. The assay having been demonstrated to represent a 
sensitive and quantitative method to directly assay blood 
RNA expression relatively free of biases, it was used to assess 
the impact of common pre-analytical blood handling proce 
dures on gene expression. Similar attempts could previously 
only assess the combined impact from blood handling, RNA 
extraction, and post-extraction processing. A panel of about 
30 genes including cytokines and apoptosis related genes was 
used to assess the blood state, since these genes are among the 
most sensitive to stress during ex vivo incubation (Baechler, 
E. C. et al. (2004) “Expression levels for many genes in 
human peripheral blood cells are highly sensitive to ex vivo 
incubation' Genes Immun 5:347-53). Identical blood 
samples were processed by red blood cell lysis, by Ficoll 
Hipadue centrifugation (PBMC), by phenol/chloroform 
extraction of whole blood RNA, and by blood stabilization 
using the PAXgene R reagent. These processed blood samples 
(or RNA) were then lysed and assayed together with unproc 
essed whole blood lysates. The correlation coefficients of 
gene expression patterns between unprocessed and various 
processed blood samples are presented in Table 2. 

TABLE 2 

Correlation of the expression pattern of a panel of 26 genes between 
whole blood and processed blood. 

RBC 
RSquare WB lys PaxPellet WB RNA PaxRNA PBMC* 

WB 1 O.998 O.87 O.96 O.86 O.95 
RBC-lys: 1 O.85 O.99 O.88 O.95 
PaxPellet 1 O.93 O.84 O.82 
WB RNA 1 O.77 O.93 
PaxRNA 1 O.84 
PBMC* 1 

*Excluding BCL-XL 
Gene expression was determined by the multiplex assay described. Samples assayed are the 
following: 
WB: Fresh whole blood lysate. 
RBC-lys: Lysate of blood that underwent selective red cell lysis and was washed. 
PaxPellet: Solubilized PAXgene (R) blood pellet. 
WB RNA: Whole blood RNA purified by phenol/chloroform extraction. RNA from 8x 
equivalent volume of blood was used. 
PaxRNA: RNA purified from PAXgene (R) blood using recommended protocol. RNA from 
10x equivalent volume of blood was 3used. 
PBMC;Lysate of peripheral blood mononuclear cells. List of genes assayed was the same as 
for FIG, 7 Panel A. 

0181 FIG. 7 Panel A depicts a graph illustrating correla 
tion of the gene expression pattern in whole blood and red 
blood cell (RBC)-lysed blood. Lysates from 20 ul of whole 
blood and an equivalent volume of RBC-lysed blood were 
assayed in multiplex for expression of IL2, TNFa. IL 10, IL6, 
IL1B, IFNg, IL8, CSF2, GAPDH, RELB, A20, CDKN1, 
NFKB1, NFKB2, RELA, NFKBIA, BAK, FASL, FAS, 
RAFTK BAD, BCL-2, IL6R, BCL-XL, ACTB and CFLAR 
as described herein. The lysis of red blood cells resulted in 
little change in expression of the genes assayed, except for a 
significant reduction in expression of BCL-XL, a gene 
expressed in erythrocytes and having an important antiapop 
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totic role during erythropoiesis (Gregoli, P.A. and Bondurant, 
M. C. (1997) “The Roles of Bcl-XL and Apopain in the 
Control of Erythropoiesis by Erythropoietin' Blood 90:630 
640). Linear regression (with BCL-XL excluded) showed 
good correlation in expression pattern; excluding BCL-XL, 
signals from genes in the panel show a strong correlation 
between whole blood and red blood cell lysed whole blood 
(R=0.998, Table 2 and FIG. 7 Panel A). Ficoll centrifugation 
for PBMC resulted in changes in blood cell composition and 
not unexpectedly, the correlation with whole blood expres 
sion was lower (R-0.95, Table 2). 
0182. When expression signals from whole blood lysates 
are compared with phenol/chloroform-purified total RNA, 
correlation is generally good except for Some genes with low 
expression, where measurement precision is expectedly 
reduced (R=0.96, Table 2 and FIG. 7 Panel B). However, the 
signals from direct lysates are 2-10 times stronger than the 
signals from purified RNA, depending on RNA extraction 
efficiency. The reduced signal in purified RNA appeared to be 
due to RNA loss during the purification procedure, since after 
normalization against an exogenous transcript spiked into the 
lysate before RNA extraction, the signals are equivalent. To 
produce the graph shown in FIG. 7 Panel B, lysates of whole 
blood (20 ul) and RNA extracted from whole blood were 
assayed in multiplex for expression of the genes listed for 
FIG. 7 Panel A. RNA equivalent to 160 ul whole blood was 
assayed to yield Sufficient signals for most genes. Linear 
regression generates a straight line with slope of 2.34, signifi 
cantly lower than the expected slope of8, indicating that RNA 
extraction resulted in significant RNA loss. 
0183) Lysates from 20 ul of whole blood as well as from a 
pellet formed in an equivalent amount of whole blood stabi 
lized at room temperature overnight in PAXgeneR reagent 
were assayed in multiplex for expression of genes listed for 
FIG. 7 Panel A. PAXgene(R) caused significant changes in 
gene expression compared to direct whole blood measure 
ment (Table 2 and FIG. 7 Panel C: R=0.8759). Twenty 
microliters of whole blood and PAXgene(R) stabilized blood 
were assayed in singleplex format in the same plate; signals 
were normalized to GAPDH (FIG.7 Panel D). The apoptosis 
genes such as CFLAR are particularly sensitive to PAXgene(R) 
reagent treatment (FIG.7 Panel D), although their signals are 
comparable among direct lysate, purified RNA, and other 
processed blood samples. When CFLAR data was removed, 
the correlation significantly improved (R-0.95 for PAX 
geneR pellet and R=0.94 for PAXgeneR purified RNA). As 
expected, the correlation became poorer as more handling 
steps were involved with any one sample. The lowest corre 
lation resulted when comparing RNA purified from whole 
blood and RNA purified from PAXgene(R) stabilized blood 
(R=0.77, Table 2). 
0184 Advantages 
0185. In contrast to microarray or RT-PCR analysis, 
which, e.g., rely on single probe-target interactions for target 
capture or detection, this exemplary assay used on average 20 
probes, hybridizing to 500-600 contiguous bases of one target 
sequence. The multiple probe per target design offers signifi 
cantly improved sensitivity and reproducibility for the assay. 
In addition to the benefit that multiple LE reporters are bound 
to one target, the assay optionally takes advantage of the fact 
that the interactions between contiguous probes and a target 
result in stronger, more stable helix formation due to base 
stacking effects (Dimitrov, R. A. and Zuker, M. (2004) “Pre 
diction of Hybridization and Melting for Double-Stranded 

22 
Jun. 21, 2012 

Nucleic Acids' Biophys. J. 87:215-226). The multidentate 
interaction between the solid surface and the many CEs 
bound to one target also ensures more robust and reproducible 
target capture. Finally, use of multiple probes minimizes the 
impact of the design of individual probes on signal, reducing 
assay variations. As a result the target capture efficiency in the 
singleplex plate assay approaches 100%, and the average CV 
(coefficient of variance) of this assay from replicate blood 
samples is routinely below 10%. In comparison, the CV from 
replicate blood samples in microarray analysis is 37% (Fe 
eZor, R. J. et al. (2004) “Whole blood and leukocyte RNA 
isolation for gene expression analyses’ Physiol. Genomics 
19:247-254), and for Taqman RT-PCR the CV for copy num 
bers is around 16% (Rainen et al., supra). 
0186. Another important benefit afforded by the multi 
probe per target design is high specificity. Unlike in tradi 
tional microarray experiments, the high concentration of 
globin RNAs does not interfere with the assay. The bDNA 
assay requires both CEs and LEs to bind to the same RNA 
molecule in order for the RNA to give a signal, and multiple 
CEs typically have to bind to the same RNA target in order for 
the RNA to be captured on the solid surface, since the inter 
action between a single CE and a surface capture probe is 
optionally thermodynamically unstable at the assay hybrid 
ization temperature. 
0187. This assay can be used for quantitation of absolute 
gene expression by incorporating standard curves with 
known amounts of in vitro transcripts for each gene of inter 
est. It is Superior to quantitative RT-PCR for several reasons, 
including: 1) curves generated are linear, not logarithmic, 2) 
the product measured represents the actual amount of a given 
transcript, 3) hybridization efficiency is the same for samples 
and standards (FIG. 4 Panel C), whereas in RT-PCR amplifi 
cation efficiency may not be the same, 4) results can be 
meaningfully expressed as copies per unit blood, not copies 
per unit RNA purified or copies relative to a unit housekeeper 
copy number, and 5) the assay can be conveniently multi 
plexed. 
0188 An important and unique advantage of this assay is 
its accurate result, free of biases from blood cell and RNA 
isolation procedures. The processing of clinical specimens 
such as peripheral blood samples is rarely ideal. The results 
with a panel of cytokine and apoptosis genes presented herein 
show that impact to expression pattern increases with 
increases in the number of processing steps, including RNA 
purification. Although PAXgene(R) may stabilize the expres 
sion pattern of some genes, the use of PAXgene(R) may result 
in invalid RNA quantitation for other genes, including certain 
apoptosis related genes such as CFLAR. Induction of selected 
genes by PAXgeneR) stabilization was also observed on 
human bone marrow aspirates (Breit, S. et al. I (2004) 
“Impact of pre-analytical handling on bone marrow mRNA 
gene expression' BrJ Haematol 126:231-43). For biomarker 
discovery study using PAXgene(R) stabilized blood samples, 
especially if CFLAR is identified as one of the biomarkers 
(Horwitz, P. A. et al. (2004) “Detection of Cardiac Allograft 
Rejection and Response to Immunosuppressive Therapy 
With Peripheral Blood Gene Expression' Circulation 110: 
3815-3821), it is prudent to validate the markers using blood 
without PAXgene(R) treatment. 
0189 Blood biomarker studies often involve microarray 
profiling on a limited number of samples, followed by clinical 
validation of dozens of genes in a larger number of indepen 
dent samples. The multiplexed bead assay described herein is 
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well suited for the validation workflow, with its medium gene 
throughput and the high sample throughput capability. With 
proper probe design, the assay can be adapted to high multi 
plex formats such as microarrays and used in high throughput 
applications such as expression profiling of whole blood, 
without the need to purify, label, and amplify the RNA tar 
gets. The methods of the invention thus remove the most 
significant roadblock to the broader application of expression 
profiling in clinical applications. 
0190. The assays of the invention can significantly sim 
plify clinical expression analysis. Blood drawn from, e.g., an 
ear bleed may be sufficient for Some expression analyses. 
Similarly, RNA analysis can now be performed for infants or 
patients where only limited amounts of blood are available. 
The absence of the RNA purification requirement is espe 
cially useful for large-scale studies where sample analysis 
throughput has been limited by laborious RNA purification. 
The exceptional accuracy, consistency of the results, and the 
time saved in sample preparation and data analysis are sig 
nificant advantages of these assays when compared with other 
assays for blood gene expression. 
0191 As described above, the methods of the invention 
can be used, for example, to detect target nucleic acid(s) from 
peripheral blood cells lysed in liquid whole blood. As another 
example, the methods can also be used to detect target nucleic 
acid(s) from a blood sample that is applied to a matrix (e.g., 
filter paper) and dried. The dried blood spot is contacted with 
blood lysis buffer (such as that described below) to lyse the 
peripheral blood cells (if necessary) and to elute the nucleic 
acid(s) from the filter paper or other matrix. The nucleic 
acid(s) in the resulting lysate are then hybridized to CE, LE, 
and BP sets and detected in singleplex or multiplex assays as 
described. The methods are similarly applicable to detection 
of target nucleic acids from plasma (e.g., liquid plasma or 
plasma dried on a matrix). 

Experimental Protocol 
(0192. Singleplex Assay for Whole Blood 
0193 Fresh, anticoagulated blood (with EDTA, heparin, 
or citrate as the anticoagulant) from healthy donors (Stanford 
Blood Center, Stanford, Calif.) was refrigerated and assayed 
within 1 hour (hr) after blood was drawn. One to thirty micro 
liters (ul) of whole blood was added to the lysis solution to a 
final volume of 150 ul containing 50% Blood Lysis Buffer, at 
least 1 mg per ml proteinase K (e.g., 2 mg/ml), and H2O. The 
Lysis Mixture reagent commercially available, e.g., in 
Panomics's QuantiGene(R) Explore Kit or as catalog number 
QG0502 or QP0522, was used as the Blood Lysis Buffer in 
these experiments; as noted previously, a large number of 
suitable buffers can be prepared by one of skill in the art (for 
example, the capture diluent described in Collins M L et al. 
(1997) Nucleic Acid Research 25:2979-2984 (127 mM LiCl, 
5% lithium lauroylsulfate, 9 mM EDTA, 50 mM HEPES (pH 
7.5), 0.05% hespan (DuPont Pharmaceuticals), 0.05% Pro 
Clin 300 (Supelco), 0.2% casein (Research Organics, Ham 
marsten quality)). The mixture was shaken at 1000 rpm at 60° 
C. for 1 hour in a heated shaker (Vortemp) to lyse the cells. 
The lysate was then transferred to an assay well in a 96-well 
plate covalently coated with capture probe oligo (5'-CACT 
TCACTTTCTTTCCAAGAG-3', SEQID NO:1). The probe 
set for a target gene, containing 50, 100, and 200 fmol of CE, 
BP, and LE, respectively, was added to the blood lysate and 
incubated for 16 hr at 53° C. (This incubation is optionally 
performed, e.g., at 58°C. instead.) The well was washed three 
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times with 200ul Wash Buffer (0.1xSSC, 0.3% lithium lauryl 
sulfate), followed by sequential hybridization at 53° C. for 1 
hour with 100 ul of a 1:1000 dilution of branched-DNA 
amplifier (Panomics) and 46°C. for 1 hour with 100 ul of 50 
fmol of 3'-alkaline phosphatase-conjugated label probe oligo 
(5'-AAGTACGACAACCACATC-3', SEQ ID NO:2), with 
three washes after each incubation. After a final wash, the 
alkaline phosphatase Substrate dioxetane (Panomics) was 
added to wells and incubated at 46°C. for 30 minutes (min) to 
develop the luminescent signal, which was detected using a 
Limax microliter plate luminometer (Molecular Device). 
(0194 Singleplex Assay for PAXgene.R. Stabilized Blood 
0.195 PAXgeneR) stabilized blood was prepared accord 
ing to the manufacturer's protocol (PreAnalytiX, Hombrech 
tikon, Switzerland). 9.5 ml stabilized blood is equivalent of 
2.5 ml of whole blood. After 16 hr storage at room tempera 
ture, the stabilized blood was centrifuged for 5 min at 3000 g. 
The Supernatant was removed by decanting or pipetting. The 
pellet was sequentially washed with HO (1000 ul per ml of 
stabilized blood) and 2 M LiCl (400 ul per ml of stabilized 
blood), before being solubilized at 60°C. with shaking for 30 
minutes in Pax Lysis Buffer (265ul per ml of stabilized blood) 
with 0.25 mg per ml proteinase K. In these experiments, the 
Homogenizing Solution commercially available from 
Panomics, catalog number QG0515, was used as the Pax 
Lysis Buffer; it will be evident that a large number of suitable 
buffers can be prepared by one of skill in the art (e.g., buffers 
including a chaotropic agent such as guanidine HCl and/or a 
detergent such as SDS). One to thirty ul of lysate, correspond 
ing to the same Volume of the original whole blood, was 
mixed with 75 ul of Blood Lysis Buffer and HO to a final 
volume of 150 ul. The mixture was transferred to an assay 
well in a 96-well plate coated with capture probe. The probe 
set for a target gene, containing 50, 100, and 200 fmol of CE, 
BP, and LE, respectively, was added to the lysate and incu 
bated for 16 hr at 53° C. (This incubation is optionally per 
formed, e.g., at 58° C. instead.) Subsequent steps were the 
same as the post 16 hr hybridization steps described in 
“Singleplex assay for whole blood” above. 
(0196) Multiplex Assay 
0.197 A panel of 10 oligonucleotide capture probes, each 
with a unique sequence of 15 bases, were synthesized with a 
5'-amino linker (BioSearch, San Carlos, Calif.) and each was 
covalently linked to carboxylated fluorescent-encoded beads 
(Luminex, Austin, Tex.) following the recommended conju 
gation procedure (one capture probe per identifiable set of the 
beads). Beads conjugated with different capture probes were 
pooled in equal proportions before use. One hundred micro 
liters of whole blood lysate or PAXgene(R) blood lysate pre 
pared above were mixed with the multiplex panel probe sets 
and the pooled capture beads (2000 beads each type) in a 
round bottom well and hybridized for 16 hours at 53°C. in a 
final volume of 110 ul. (The incubation is optionally per 
formed, e.g., at 58°C. instead.) The assay mix was transferred 
to a MultiScreenfilter plate (Milipore), and unbound material 
was filter-washed from the wells three times with Wash 
Buffer. The plate was then hybridized at 53° C. for 1 hour with 
100 ul of a 3:1000 dilution of b)NA amplifier in amplifier 
diluent (3Mtetramethyl ammonium chloride, 0.1% Sarkosyl, 
50 mM Tris-HCl, 4 mM EDTA, 4% dextran sulfate, 1% BSA 
and 0.5% V/v Micr-O-protect (Roche Molecular Systems, 
Pleasanton, Calif.)). After filter-washing twice with Wash 
Buffer, the plate was incubated at 46° C. for 1 hour with 100 
ul of 150 fmol 5'-dT(Biotin)-conjugated label probe (Biose 
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arch) diluted in amplifier diluent without the dextran sulfate. 
After two washes, streptavidin conjugated R-phycoerythrin 
(SA-PE, Prozyme, San Leandro, Calif.) at 6 g/ml diluted in 
SAPE diluent (20 mM Tris-HCl, 400 mM Lithium Chloride, 
0.1% v/v TWEEN 20, 0.1% v/v BSA, 0.5% v/v Micr-O- 
protect) was added and the plate was incubated at room tem 
perature for 30 min. The beads were washed to remove 
unbound SA-PE, followed by analysis with Luminex(R) 100TM 
IS system (Luminex) or Bio-Plex system (Bio-Rad). The 
level of SA-PE fluorescence measured from each set of beads 
is proportional to the number of mRNA transcripts captured 
by that set of beads. 
0198 LPS Stimulation of Whole Blood 
(0199 Fresh whole blood (Stanford Blood Center) with or 
without added 10 ug/ml E. coli LPS (Sigma) was incubated at 
37° C. with shaking in a cell culture incubator for 30-135 
minutes, before being lysed in the vessel and assayed in 
multiplex as described above. 
(0200 Probe Design for Singleplex and Multiplex b)NA 
Assays 
0201 Modified probe design software (Bushnell, S. et al. 
(1999) “Probel Designer: for the design of probesets for 
branched DNA (bDNA) signal amplification assays’ Bioin 
formatics 15:348-355) was developed to design probesets for 
target genes in both singleplex and multiplex b)NA assays. 
For each target sequence, the Software algorithm identifies 
regions that can serve as annealing templates for CES (5-7 per 
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gene), LEs (10-15 per gene), or BPs. Potential CEs and LEs 
were examined for possible interactions with other compo 
nents of the multiplex assay, and CES and LEs expected to 
cross-hybridize were not selected for use; CE-LE, CE-bDNA, 
CE-label probe, and LE-capture probe interactions having 
highly negative AG were removed to minimize non-specific 
hybridization. Probe sets are essentially the same for both 
singleplex and multiplex b)NA assays except for the portion 
of the CE probes that hybridize with capture probe. Three 
10-plex panels were developed for assessment of the effect of 
common blood handling procedures. Gene names and refer 
ence sequence accession numbers are shown along with 
probe sets in Tables 3-5. All deoxyoligonucleotides were 
synthesized and HPLC purified (Biosearch, CA). 
0202 Data Analysis & Statistics 
0203 Three replicate assays (n=3) were performed for all 
described experimental samples unless noted otherwise. For 
all samples, background signal levels in the absence of target 
mRNAs were determined and subtracted from signals 
obtained in the presence of target mRNAs to get the net 
signal. Statistical significance of biological studies was tested 
using Student's t-test or ANOVA where appropriate (P<0.01). 
0204 Additional discussion of the singleplex and multi 
plex assays can be found in Zheng et al. (2006) “Sensitive and 
Quantitative Measurement of Gene Expression Directly from 
a Small Amount of Whole Blood Clinical Chemistry 
52: 1294-1302, which is hereby incorporated by reference in 
its entirety. 

TABLE 3 

Cytokine probe set. Accession number and symbol are listed for 
each tarcet, alond With probe type and the seculence of the probe. 

Type Sequence 
SEO ID 
NO: 

NM OO2O46 GAPDH 

BP CGGAGGGGCCATCCAC 

LE cc cacttgattittggagggaTTTTT 

CE agct tccc.gttcticagoctTTTTT 

LE cc titccacgataccaaagttgtTTT 

CE cottttggctocc ccct TTTTT 

LE ccagtggactic cacgacgtacTTTT 

CE tgacggtgc catggaattit TTTTT 

LE ggcatggactgtggt catgagtTT 

LE gggtgctaa.gcagttggtggtTTT 

LE agtc.ttctgggtggcagtgat TTT' 

BP AACATGGGGGCATCAGCA 

BP CATGGTTCACACCCATGACG 

BP gcaggaggcattgctgatga 

LE cacago cittggcagogcTTTTT 

LE ccagtgagct tcc.cgttcaTTT 

BP GAGGGGGCAGAGATGATGAC 

Tagg cataggaccc.gtgtct 

ct Cttggaaagaaagt 

TTagg cataggaccc.gtgtct 

ct Cttggaaagaaagt 

Taggcatagg accc.gtgtct 

ct Cttggaaagaaagt 

TTagg cataggaccc.gtgtct 

Taggcatagg accc.gtgtct 

Taggcatagg accc.gtgtct 

aggcataggaccc.gtgtct 

TTaggcataggaccc.gtgtct 
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TABLE 3 - continued 

Cytokine probe set. Accession number and symbol are listed for 
each target, along with probe type and the sequence of the probe. 

SEQ ID 
Type Sequence NO: 

LE t cittgaggctgttgtcat acttctTTTTTaggcatagg accc.gtgtct 19 

CE catggatgaccttggc.cagTTTTTct cittggaaagaaagt 2O 

BP TGGAGAGCCCCGCGG 21 

CE gct cagggatgaccttgcc TTTTTctic ttggaaagaaagt 22 

LE ttct c catggtggtgaagacgTTTTTagg catagg accc.gtgtct 23 

LE c catcacgc.cacagtttcc TTTTTagg catagg accc.gtgtct 24 

LE gatgggattitccattgatgacaTTTTTaggcataggaccc.gtgtct 25 

CE gcaaatgagc.cccago cTTTTTct cittggaaagaaagt 26 

CE t ct cqct cotggaagatggtTTTTTct cittggaaagaaagt 27 

LE cagtagaggcagggatgatgttcTTTTTagg cataggaccc.gtgtct 28 

BP TCAGCGCCAGCATCGC 29 

NM 000584 IL8 

LE aattcttgcacaaatatttgatgcTTTTTaggcatagg accc.gtgtct 3O 

LE gaaattcaaatttaaccaggaatctTTTTTagg cataggaccc.gtgtct 31 

LE tg tattgcatctggcaac cctaTTTTTaggcataggaccc.gtgtct 32 

BP AGTGTTGAAGTAGATTTGCTTGAAGT 33 

BP AAGTTACACTTGAAAATAATTTATGTTATG 34 

LE ggtaagatggtggctaat actttitt TTTTTagg cataggaccc.gtgtct 35 

BP AAAAAATCCAGGATTTCCAGCt 36 

BP CTAGGGTTGCCAGATTTAACAGA 37 

BP CATGTCCTCACAACATCACTGTGA 38 

BP CCACTTAGAAATAAAGGAGAAACCA. 39 

CE tgcacccagttitt ccttggTTTTTct cittggaaagaaagt 4 O 

BP GTACAATGAAAAACTATTCATTGTTTACT 41 

LE ggit coagacagagct citct tcc TTTTTaggcataggaccc.gtgtct 42 

BP TTTTTTGTAGATTCAAATAAATAATACTTTA 43 

BP GCTTCAAATATCACATTCTAGCAAAC 44 

BP CAAAAACTTCTCCACAACCCTC 45 

LE catataagtatgttctggatattt catgTTTTTaggcatagg accc.gtgtct 46 

LE c cattcaatticctgaaattaaagttTTTTTagg cataggaccc.gtgtct 47 

LE ttggataccacagagaatgaattitTTTTTaggcatagg accc.gtgtct 48 

LE ttct c cc.gtgcaatat citaggaTTTTTaggcataggaccc.gtgtct 49 

BP ATAAAACATCATTTAATATCTAAAATAAAAT SO 

BP CAACAGACCCACACAATACATGA 51 

LE ttcactggcatc.tt cactgatt cTTTTTagg cataggaccc.gtgtct 52 
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TABLE 3 - continued 

Cytokine probe set. Accession number and symbol are listed for 
each target, along with probe type and the sequence of the probe. 

SEQ ID 
Type Sequence NO: 

LE caatgatt catc.ttct atttitt coaTTTTTagg cataggaccc.gtgtct 53 

LE aaatt tactata acat ctittataactatt caat TTTTTaggcataggaccc.gtgtct 54 

LE aggcacagtggaacaaggactTTTTTagg catagg accc.gtgtct 55 

CE cggatattotcttggc cctt TTTTTct cittggaaagaaagt 56 

CE titt tatgaattct cagcc ct ctitTTTTTct cittggaaagaaagt st 

BP TAAAAACCCTGATTGAAATTTATCTA 58 

LE ggcct caattittgctatttgtataTTTTTaggcataggaccc.gtgtct 59 

BP TTAAATAAATACATAAATAATAAATAGGTTAAT 60 

BP ATGAAAAAACTTAAAGTGCTTCCA 61 

CE tgtggat.cc tiggctagoaga TTTTTct cittggaaagaaagt 62 

LE attgtcc catcatttittatgtgat TTTTTaggcatagg accc.gtgtct 63 

BP AAATCCTTATATTTAAAAATTATTTGTTG 64 

CE acc caattgtttgtttgtttaatcTTTTTct cittggaaagaaagt 65 

LE aaatttgactittatggcaaaatttTTTTTaggcatagg accogtgtct 66 

NM 000600 IL6 

BP CTGCAGGAACTCCTTAAAGCTG 67 

LE aactggaccgaaggcgctTTTTTaggcataggaccc.gtgtct 68 

LE aagttctgtgcc cagtggacaTTTTTagg catagg accc.gtgtct 69 

LE tgtgcctgcagott cqt caTTTTTagg catagg accc.gtgtct 70 

LE ctgcaggaactggat caggacTTTTTagg catagg accc.gtgtct 71. 

BP CCT CAAACTCCAAAAGACCAGTG 72 

LE gcatctagattctittgcc tttitt TTTTTagg cataggaccc.gtgtct 73 

CE gagcttctic titt cott cocq TTTTTct cittggaaagaaagt 74 

CE agc cc cagggagaaggcTTTTTct cittggaaagaaagt 7s 

LE gaatttgtttgtcaattic gttctgTTTTTaggcataggaccc.gtgtct 76 

LE gatgc.cgt.cgaggatgtaccTTTTTaggcataggaccc.gtgtct 77 

BP TTTGGAAGGTTCAGGTTGTTTT 78 

CE tgtggagaaggagttcat agct gTTTTTct cittggaaagaaagt 79 

LE ggcttgttcct cactact ct caaTTTTTagg cataggaccc.gtgtct 8O 

LE atctgttctggagg tactictaggtata TTTTTagg cataggaccc.gtgtct 81 

LE ttttgtact catctgcacagct ctTTTTTaggcatagg accc.gtgtct 82 

LE gcaggcaa.caccaggagcTTTTTaggcataggaccc.gtgtct 83 

LE ggtttctgaccagaagaaggaatgTTTTTaggcataggaccc.gtgtct 84 

LE tgcc catgctacatttgcc TTTTTagg catagg accc.gtgtct 85 

LE aagaggtgagtggctgtctgtgTTTTTaggcataggaccc.gtgtct 86 
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TABLE 3 - continued 

Cytokine probe set. Accession number and symbol are listed for 
each target, along with probe type and the sequence of the probe. 

SEQ ID 
Type Sequence NO: 

BP TGGGGCGGCTACATCTTT 87 

LE gcatc catc.tttitt cago catcTTTTTaggcataggaccc.gtgtct 88 

LE atgattitt caccaggcaagt ctTTTTTaggcataggaccc.gtgtct 89 

CE tgtct cotttct cagggctgaTTTTTct cittggaaagaaagt 90 

BP TGGGGCAGGGAAGGCA 91 

LE gcaggctggcatttgtggTTTTTaggcataggaccc.gtgtct 92 

LE ctgc.cagtgcct ctittgctTTTTTagg catagg accc.gtgtct 93 

LE tgtcc togcagocactggttcTTTTTaggcataggaccc.gtgtct 94 

CE gaagagc cct caggctggaTTTTTctic ttggaaagaaagt 95 

BP CCCATTAACAACAACAATCTGAGG 96 

BP TTGGGTCAGGGGTGGTTATT 97 

BP GGAATCTTCTCCTGGGGGTAC 98 

LE cgcagaatgagatgagttgtcaTTTTTaggcataggaccc.gtgtct 99 

LE ggctcctggaggcgagataTTTTTagg catagg accogtgtct OO 

CE cct cattgaatccagattggaaTTTTTct cittggaaagaaagt O1 

BP GCTTTCACACATGTTACTCTTGTTACA O2 

NM OOO 619 IFNG 

BP AAATGCCTAAGAAAAGAGTTCCA O3 

BP TGCATTAAAATATTTCTTAAGGTTTTCT O4 

BP AAAAAGTTTGAAGTAAAAGGAGACAAT OS 

LE gctitcttitt acatatgggtc.ctggTTTTTaggcataggaccc.gtgtct O6 

LE gcaggcaggacaac cattactgTTTTTaggcataggaccc.gtgtct O7 

BP AATAAATAGATTTAGATTTAAAATTCAAATATT O8 

LE aaaaacttgacatt catgtc.tt coTTTTTaggcatagg accc.gtgtct O9 

BP GGATGCTCTTCGACCTTGAAAC O 

CE t ct cqtttcttitttgttgctattgTTTTTct cittggaaagaaagt 1. 

LE aatact tatttgattgatgagtictaaaaatTTTTTagg catagg accc.gtgtct 2 

CE atatt coccatataaataatgttaaat attTTTTTct cittggaaagaaagt 3 

CE ttggctctgcattatttittctgtTTTTTct cittggaaagaaagt 4. 

LE tggacattcaagttcagttaccgaTTTTTagg cataggaccc.gtgtct 5 

LE agcatctgactic ctittitt cqcTTTTTagg catagg accc.gtgtct 6 

BP GATGCTCTGGTCATCTTTAAAGTTTTT 7 

LE ataattagt cagcttitt.cgaagt caTTTTTagg cataggaccc.gtgtct 8 

LE cgacagttcago catcacttggTTTTTaggcataggaccc.gtgtct 9 

LE ttatcc.gctacatctgaatgaccTTTTTagg cataggaccc.gtgtct 2O 
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TABLE 3 - continued 

Cytokine probe set. Accession number and symbol are listed for 
each target, along with probe type and the sequence of the probe. 

SEQ ID 
Type Sequence NO: 

CE atgagttcatgt attgctittgcgtTTTTTct cittggaaagaaagt 21 

LE ttgatggtc. tccacactic ttittgTTTTTagg cataggaccc.gtgtct 22 

CE titc cctdttittagctgctggTTTTTct cittggaaagaaagt 23 

CE cactcitcct ctittccaattctt caTTTTTTTct cittggaaagaaagt 24 

NM 000758 CSF2 

LE gcagtgtct ctact caggttcaggTTTTTaggcataggaccc.gtgtct 25 

BP CCGCAGGCCCTGCTTG 26 

BP GGGCTGGGCGAGCGG 27 

LE gggttgcacaggaagttt coTTTTTaggcataggaccc.gtgtct 28 

LE caggccacagtgcc caag TTTTTaggcataggaccc.gtgtct 29 

BP GGGGTTGGAGGGCAGTGC 3O 

BP TCATGGTCAAGGGGCCCT 31 

LE agcagaaagtcc tt caggttct cTTTTTagg cataggaccc.gtgtct 32 

CE tgagcttggtgaggctgccTTTTTctcittggaaagaaagt 33 

CE agcagcaggctctgcago TTTTTct cittggaaagaaagt 34 

LE tgtaggcaggtoggct cotTTTTTagg catagg accc.gtgtct 35 

LE tittgaaactittcaaaggtgataatctTTTTTaggcatagg accc.gtgtct 36 

LE tggatggcatt cacatgct cTTTTTaggcataggaccc.gtgtct 37 

BP CCAGGGCTGCGTGCTG 38 

CE tacagct coaggcggg to TTTTTct cittggaaagaaagt 39 

LE ct cactic ctdgactggct coTTTTTaggcataggaccc.gtgtct 4 O 

BP CAGCAGTCAAAGGGGATACA 41 

LE ttctactgttt cattcatct cagoa TTTTTagg cataggaccc.gtgtct 42 

LE ggaggtoaaacatttctgagatgacTTTTTagg cataggaccc.gtgtct 43 

BP AGACGCCGGGCCTCC 44 

CE gcdggtgcagagatgctgTTTTTct cittggaaagaaagt 45 

CE tgcttgtag tdgctggccaTTTTTct cittggaaagaaagt 46 

NM 000572 IL10 

LE gtc.tt cactctgctgaaggcatTTTTTaggcataggaccc.gtgtct 47 

CE ctgggtc.ttggttcticagottTTTTTct cittggaaagaaagt 48 

BP GGTAAAACTGGATCATCTCAGACAA 49 

LE tgatgaagatgtcaaact cact cat TTTTTagg cataggaccc.gtgtct SO 

BP gactgggtgcc.ctggCC 51 

LE tgtcc tagagtictatagagt cqccaTTTTTagg cataggaccc.gtgtct 52 

BP GGCTTTGTAGATGCCTTTCTCT 53 
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TABLE 3 - continued 

Cytokine probe set. Accession number and symbol are listed for 
each target, along with probe type and the sequence of the probe. 

SEQ ID 
Type Sequence NO: 

LE TaggcaggttgcctgggaTTTTTaggcataggaccc.gtgtct 54 

LE cattgtcatgtaggctitctatotagt TTTTTaggcatagg accc.gtgtct 55 

CE citcggagat citcgaag catgtTTTTTct cittggaaagaaagt 56 

BP GGGGCATCACCTCCTCCA st 

CE ccgattittggag acct ctaatttaTTTTTct cittggaaagaaagt 58 

CE gctgatcct tcatttgaaagaaaTTTTTct cittggaaagaaagt 59 

LE tggagct tattaaaggcattct tTTTTTagg cataggaccc.gtgtct 60 

CE agtgggtgcagotgttct caTTTTTct cittggaaagaaagt 61 

LE gctat cocagagc.cccagat TTTTTaggcataggaccc.gtgtct 62 

LE c cctdatgtcticagtttcqtat ctitTTTTTagg cataggaccc.gtgtct 63 

LE act cotttaacaacaagttgtc.caTTTTTaggcatagg accc.gtgtct 64 

LE cacctgctic cacggcc titTTTTTaggcataggaccc.gtgtct 65 

BP GTTCACATGCGCCTTGATGT 66 

LE aatcgatgacago.gc.cgtaTTTTTagg catagg accogtgtct 67 

BP GCTCTTGTTTTCACAGGGAAGA 68 

LE ggcttggcaa.cccagg taacTTTTTaggcataggaccc.gtgtct 69 

LE caggttctic ccc.cagggaTTTTTaggcataggaccc.gtgtct 70 

CE gcct cagcc tdagggit ctitTTTTTctic ttggaaagaaagt 71. 

LE ccittaaagt cct coagcaaggTTTTTagg catagg accc.gtgtct 72 

NM 000594 TNF 

LE gcggctgatggtgtggg.TTTTTagg cataggaccc.gtgtct 73 

LE agg tacaggcc.ctctgatggTTTTTaggcataggaccc.gtgtct 74 

LE t cact coaaagtgcagcaggTTTTTaggcataggaccc.gtgtct 7s 

CE tcqggc.cgattgat ct caTTTTTct cittggaaagaaagt 76 

BP AGGCTTGTCACTCGGGGTT 77 

BP GAGGTCCCTGGGGAACTCTT 78 

LE gcqctgagt cqgtcaccctTTTTTagg catagg accc.gtgtct 79 

LE t ct coagctggaag acco cTTTTTagg catagg accc.gtgtct 8O 

LE agact cqgcaaagt cdagatagTTTTTaggcataggaccc.gtgtct 81 

CE gtctgg taggagacggcgatTTTTTct cittggaaagaaagt 82 

BP TGGGGCAGGGGAGGC 83 

BP CCCCTCTGGGGTCTCCCTC 84 

LE caggagggcattggcc cTTTTTagg catagg accc.gtgtct 85 

BP ggc.ca.gagggctgattagaga 86 

LE gtcct cotcacagggcaatgTTTTTaggcataggaccc.gtgtct 87 
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TABLE 3 - continued 

Cytokine probe set. Accession number and symbol are listed for 
each target, along with probe type and the sequence of the probe. 

SEQ ID 
Type Sequence NO: 

CE tcc cagatagatgggct catacTTTTTct cittggaaagaaagt 88 

LE cagggcttggcct cagcTTTTTagg catagg accc.gtgtct 89 

BP tgaagaggacctgggagtagatg 90 

BP GGGCAGCCTTGGCCCT 91 

CE cgagaagatgatctgactgcct gTTTTTct cittggaaagaaagt 92 

LE CagaagaggttgagggtgtctgaTTTTTaggcataggaccc.gtgtct 93 

LE gctg.ccc ct cagcttgag TTTTTct cittggaaagaaagt 94 

LE gg.cggttcagocactggaTTTTTaggcataggaccc.gtgtct 95 

LE caccaccagctggittatctotcTTTTTaggcataggaccc.gtgtct 96 

LE ggtttgctacaa catgggctacTTTTTaggcataggaccc.gtgtct 97 

BP AGGAGGGGGTAATAAAGGGAT 98 

CE cc.cccaattct ctittittgagcTTTTTct cittggaaagaaagt 99 

BP TGGCAGGGGCTCTTGATG 2 OO 

BP CCCTCTGGGGGCCGA 2O1 

LE gcttgggttc.cgaccctaag TTTTTaggcataggaccc.gtgtct 2O2 

LE atcc.caaagtag acctg.cccTTTTTaggcataggaccc.gtgtct 2O3 

BP GTTTGGGAAGGTTGGATGTTC 2O4. 

LE gcagagaggaggttgaccttgTTTTTaggcataggaccc.gtgtct 2O5 

LE tgaggagcacatgggtggag TTTTTaggcataggaccc.gtgtct 2O6 

LE agctic cacgc.cattggcTTTTTagg catagg accc.gtgtct 2O7 

NM OOO586. IL2 

LE aaacttaaatgtgagcatcc tdgTTTTTagg cataggaccc.gtgtct 2O8 

CE citccagaggtttgagttcttctitcTTTTTct cittggaaagaaagt 209 

LE agtgggaag cacttaattat caagTTTTTaggcatagg accc.gtgtct 210 

BP CCTGGGTCTTAAGTGAAAGTTTTT 211 

LE gctgttgttittctttgtagaacttgaTTTTTagg cataggaccc.gtgtct 212 

LE gctittgagctaaatttagcactitcTTTTTaggcataggaccc.gtgtct 213 

BP AGCATATTCACACATGAATGTTGTT 214 

LE attacgttgatattgctgattaagcc TTTTTaggcatagg accc.gtgtct 215 

LE agtaggtgcactgtttgttgacaagTTTTTaggcatagg accc.gtgtct 216 

CE t cagat.ccctittagttccagaactTTTTTct cittggaaagaaagt 217 

CE aataaatagaaggcctgatatgttittaTTTTTct cittggaaagaaagt 218 

LE t cagtgttgagatgatgctittgacTTTTTaggcatagg accc.gtgtct 219 

BP AAAAGGTAATCCATCTGTTCAGAAA 22O 

LE titccacaatggttgctgtct catcTTTTTaggcatagg accc.gtgtct 221 
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TABLE 3 - continued 

Cytokine probe set. Accession number and symbol are listed for 
each target, along with probe type and the sequence of the probe. 

SEQ ID 
Type Sequence NO: 

LE cagcagtaaatgct coagttgtaTTTTTagg cataggaccc.gtgtct 222 

LE tag acactgaagatgttt cagttctgTTTTTaggcatagg accc.gtgtct 223 

CE tggcc ttcttgggcatgtaTTTTTct cittggaaagaaagt 224 

LE aatagittacaataggtagcaaaccatacTTTTTaggcatagg accc.gtgtct 225 

BP ATTCAACAATAAATATAAAATTTAAATATTTA 226 

BP TTCCATTCAAAATCATCTGTAAATC 227 

CE tgagtttgggattcttgtaattaataaTTTTTct cittggaaagaaagt 228 

NM 000576 IL1B 

CE ggaga.gctitt cagttcatatggaTTTTTct cittggaaagaaagt 229 

LE titatic ccatgtgtcgaagaagataTTTTTaggcatagg accc.gtgtct 23 O 

BP ccaga catcaccaa.gcttttitt 231 

CE tgaagcc cttgctgtag toggtTTTTTct citcggaaagaaagt 232 

LE catcgtgcacataagcct cqTTTTTaggcataggaccc.gtgtct 233 

CE cctggaaggtotgtgggcaTTTTTctcittggaaagaaagt 234 

LE gcagttcagtgatcgtacaggtgTTTTTagg cataggaccc.gtgtct 235 

LE ggit cqgagatt.cgtagctggTTTTTaggcataggaccc.gtgtct 236 

CE gcagagg to caggit cotggTTTTTctic ttggaaagaaagt 237 

LE gggaaccagcatct tcct caTTTTTaggcataggaccc.gtgtct 238 

CE c catat cotgtc. cctdgaggtTTTTTct cittggaaagaaagt 239 

LE atggaga acaccacttgttgctTTTTTaggcataggaccc.gtgtct 24 O 

LE atgcc.gc.catccagaggTTTTTagg catagg accc.gtgtct 241 

LE aggccacagg tattttgtcatt TTTTTaggcataggaccc.gtgtct 242 

CE aaagaaggtgct cagg to attctTTTTTct cittggaaagaaagt 243 

LE actitt cittct cottgtacaaaggacTTTTTagg cataggaccc.gtgtct 244 

BP ACTGACGCGGCCTGCC 245 

LE gcc at cagottcaaagaacaag TTTTTaggcataggaccc.gtgtct 246 

LE gctgtgagt cocqqagcgtTTTTTagg catagg accc.gtgtct 247 

CE attcttitt.ccttgaggcc caTTTTTct cittggaaagaaagt 248 

LE gcttgtc catggccacaa.ca TTTTTaggcataggaccc.gtgtct 249 

LE aaggagc actt cacctgtttaggTTTTTagg cataggaccc.gtgtct 250 

LE ggttcttct tcaaagatgaaggg.TTTTTagg cataggaccc.gtgtct 251 

NM_003376 VEGF 

CE atc.tttctittggtctgcatt cacTTTTTct cittggaaagaaagt 252 

CE aaggctic caatgcacc caTTTTTct cittggaaagaaagt 253 

LE gg.cccacagggaacgctTTTTTagg catagg accc.gtgtct 254 
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TABLE 3 - continued 

Cytokine probe set. Accession number and symbol are listed for 
each target, along with probe type and the sequence of the probe. 

SEQ ID 
Type Sequence NO: 

BP GCAGCCCCCGCATCG 255 

LE gatgattctg.ccct cotcct tTTTTTaggcataggaccc.gtgtct 256 

LE accagggtc.t.cgattggatgTTTTTaggcataggaccc.gtgtct 27 

LE tgggaccacttggcatggTITTTaggcataggaccc.gtgtct 258 

LE tccatgaactt caccactitcgtTTTTTaggcataggaccc.gtgtct 259 

LE ttgcgctitt cqtttittgcTTTTTaggcataggaccc.gtgtct 26 O 

LE tggaggtagagcagcaaggcTTTTTaggcataggaccc.gtgtct 261 

LE gcttgaagatgtact.cgatcto atcTTTTTagg cataggaccc.gtgtct 262 

LE citgatttitttitt cittgtc.ttgctictTTTTTagg cataggaccc.gtgtct 263 

LE aggg tactic ctdgaagatgtcc TTTTTaggcataggaccc.gtgtct 264 

BP CTCCTCAGTGGGCACACACTC 265 

LE cagg.ccct cqt cattgcaTTTTTaggcataggaccc.gtgtct 266 

CE c cc titt.ccctitt cotcgaaTTTTTct cittggaaagaaagt 267 

CE ccaggacittataccgggattitcTTTTTcticttggaaagaaagt 268 

LE gcagtagctg.cgctgataga caTTTTTaggcataggaccc.gtgtct 269 

BP CATCAGGGGCACACAGGATG 27 O 

LE atttgttgttgctgtaggaagct cTTTTTagg cataggaccc.gtgtct 271 

CE ctgccatgggtgcago cTTTTTct cittggaaagaaagt 272 

CE atc to tcc tatgtgctggcctTTTTTct cittggaaagaaagt 273 

LE TaatctgcatggtgatgttggaTTTTTaggcataggaccc.gtgtct 274 

CE tggtgaggitttgat cogcaTTTTTct cittggaaagaaagt 27s 

TABLE 4 

Apoptosis 1 probe set. Accession number and symbol are listed for 
each target, along with probe type and the sequence of the probe. 

SEQ ID 
Type Sequence NO: 

NM 001188 BAK1 

LE c catgctgg tagacgtgtaggg.TTTTTaggcataggaccc.gtgtct 276 

LE t citctg.ccgtgggctgcTTTTTagg catagg accc.gtgtct 277 

LE gcc ccaattgatgccact cTTTTTagg catagg accc.gtgtct 278 

BP GGGGCAGCCACCCCTTC 279 

BP gggaggacct gCCttg 28O 

BP GGCGGTAAAAAACGTAGCTG 281 

BP CGGAAAACCTCCTCTGTGTCC 282 

BP TGGCGAGCTGCCGTCC 283 
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TABLE 4 - continued 

Apoptosis 1 probe set. Accession number and symbol are listed for 
each target, along with probe type and the sequence of the probe. 

SEQ ID 
Type Sequence NO: 

BP TTACTGCTGCCATGGGGAT 352 

LE ccttgtctacgctitt.ccacgTTTTTaggcataggaccc.gtgtct 353 

LE gtaggagagaaagt caaccaccaTTTTTagg cataggaccc.gtgtct 3.54 

LE cagttcaaactic git cqcctgTTTTTaggcataggaccc.gtgtct 355 

CE aaactgctgctgtggc.cagTTTTTct cittggaaagaaagt 356 

LE cgaccc.cagtttaccc caTTTTTaggcataggaccc.gtgtct 357 

BP ccacat cactaaactgactic cago 358 

LE tggct coattcaccg.cgTTTTTagg catagg accc.gtgtct 359 

LE tctaggtggtcatt cagg taagtgTTTTTaggcatagg accc.gtgtct 360 

BP AAGGAGAAAAAGGCCACAATG 361 

CE gggctgtctgcc aggtgcTTTTTct cittggaaagaaagt 362 

LE tcc.cggaagagttcatt cactaTTTTTaggcataggaccc.gtgtct 363 

CE c cc titt.cggct citcggctTTTTTct cittggaaagaaagt 364 

BP TCCCTGGGGTGATGTGGA 365 

NM Oo3879 CFLAR 

LE tctgctgttccaat catacatgtaTTTTTaggcatagg accc.gtgtct 366 

CE gcc ct cqctitctgagcctTTTTTct cittggaaagaaagt 367 

LE tgaattic cacattctt catcgcTTTTTaggcataggaccc.gtgtct 3.68 

LE tggcctic ccaaagtgctgTTTTTaggcataggaccc.gtgtct 369 

CE gcc cagocttittggitttcttaTTTTTct cittggaaagaaagt 37O 

LE ttcttgtct cagtttctgggagaTTTTTagg cataggaccc.gtgtct 3.71 

LE tggcc catccacct coaTTTTTagg catagg accc.gtgtct 372 

BP TGGCCCTCTGACACCACATAG 373 

LE gcqtttaccatgttggccaTTTTTagg catagg accc.gtgtct 374 

LE cataatatttct cottggcagaaac TTTTTagg cataggaccc.gtgtct 375 

LE ggtgagctgtgagactgctic caTTTTTaggcataggaccc.gtgtct 376 

LE titc cctdctagataagggcatTTTTTagg catagg accc.gtgtct 377 

LE ggattacaggtgtgagccactacTTTTTagg cataggaccc.gtgtct 378 

BP TTCTGAATAAAAAACATCTTTGGC 379 

LE ggcactgcagg tacagggacTTTTTaggcataggaccc.gtgtct 38O 

BP CACAGGCTCCAGAAGAAGTCAG 381 

LE tgttgtaggagaggataagtttctittctTTTTTagg cataggaccc.gtgtct 382 

CE cagagtgtgctgcago cagaTTTTTct cittggaaagaaagt 383 

CE agaggctgctgttctic cago TTTTTct cittggaaagaaagt 384 

LE gcc attgagttcaatgtgaagat TTTTTagg cataggaccc.gtgtct 385 
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TABLE 4 - continued 

Apoptosis 1 probe set. Accession number and symbol are listed for 
each target, along with probe type and the sequence of the probe. 

SEQ ID 
Type Sequence NO: 

CE ggctggit ct cqaactic ct gaTTTTTct cittggaaagaaagt 386 

LE cittct cqgtgaactgtgcacaTTTTTagg catagg accc.gtgtct 387 

LE atttittgcatttittac tagggacaTTTTTaggcatagg accc.gtgtct 388 

CE c caggagtggg.cgttittctTTTTTct cittggaaagaaagt 389 

BP CCTGAAGTGATCTGCCCTCCT 390 

LE gcaggga catgtc.cgcagta TTTTTaggcataggaccc.gtgtct 391 

NM OOO639 TNFSF6 

BP TCCTGGGGATACTTAGAGTTCCT 392 

BP CCCGGAAGTATACTTTGGAATATA 393 

CE ttggacttgcctgttaaatggTTTTTct cittggaaagaaagt 394 

LE agagctgaaacatc.cccaggTTTTTaggcataggaccc.gtgtct 395 

LE tcc cct c catcatcaccagaTTTTTaggcataggaccc.gtgtct 396 

LE catgtag accttgtggct caggTTTTTaggcataggaccc.gtgtct 397 

LE at cacaaggccacc ctitc.ttaTTTTTagg catagg accc.gtgtct 398 

BP GCGGGCCCACATCTGC 399 

CE c cagotc ctitctgtaggtggaTTTTTct cittggaaagaaagt 4 OO 

LE ggcaggttgttgcaagattgacTTTTTaggcataggaccc.gtgtct 4 O1 

LE cc caatcctaccaaggcaac TTTTTaggcataggaccc.gtgtct 4 O2 

BP ccagaggcatggaccttgag 4 O3 

CE ggtggcagcgg tagtggag TTTTTct Cttggaaagaaagt 4O4. 

CE tggttcc ct citc.ttct tcaggTTTTTct cittggaaagaaagt 4 OS 

LE c cagtag togcagtagct catcatctTTTTTagg cataggaccc.gtgtct 4 O6 

CE gctgg tagactic toggagttctgTTTTTct cittggaaagaaagt 4. Of 

LE aagatgatgctgttgttgcatctgTTTTTaggcataggaccc.gtgtct 408 

LE ggaga cacaggcctgtgctgTTTTTaggcataggaccc.gtgtct 4 O9 

CE tgcc.cccaggtagctgctTTTTTct cittggaaagaaagt 410 

BP CAGAACCATGAAAAACATCACAA 411 

BP AATTCCATAGGTGTCTTCCCATT 412 

BP tactt cact coagaaag.caggac 413 

CE gcggcggaggtggtag tTTTTTct Cttggaaagaaagt 414 

BP TTTTCAGGGGGTGGACTGG 415 

BP gcc acttitccticagotcc titt 416 

LE caaagtacagoccagttt cattgTTTTTagg cataggaccc.gtgtct 417 

BP GCAGTGGTGGCGGCG 418 

LE ggtggcc tatttgcttct coaTTTTTaggcataggaccc.gtgtct 419 
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TABLE 4 - continued 

Apoptosis 1 probe set. Accession number and symbol are listed for 
each target, along with probe type and the sequence of the probe. 

SEQ ID 
Type Sequence NO: 

NM 001101 ACTB 

LE cgtggtggtgaagctgtagcTTTTTaggcataggaccc.gtgtct 42O 

BP CGCAGGATGGCATGGGG 421 

LE acaggtotttgcggatgtcc TTTTTaggcataggaccc.gtgtct 422 

CE acaggactic catgcc.caggTTTTTct cittggaaagaaagt 423 

BP CGATTTCCCGCTCGGC 424 

LE gggcacagtgtgggtgaccTTTTTagg catagg accc.gtgtct 425 

LE agacago actgttgttgg.cgtTTTTTaggcataggaccc.gtgtct 426 

LE tcqgt cago agcacggg.TTTTTagg catagg accc.gtgtct 427 

LE c caggg.cgacgtag cacaTTTTTaggcataggaccc.gtgtct 428 

LE catgagg tagt cagt caggit cocTTTTTagg cataggaccc.gtgtct 429 

CE citcgtagct cittct coagggaTTTTTct cittggaaagaaagt 43 O 

LE t ct caaacatgatctgggtcatcTTTTTagg cataggaccc.gtgtct 431 

BP TGGCTGGGGTGTTGAAGG 432 

CE ggagctggaagcagcc.gtTTTTTct cittggaaagaaagt 433 

LE ggc catctottgct cqaagtTTTTTaggcataggaccc.gtgtct 434 

CE aaggaaggctggaagagtgcTTTTTct cittggaaagaaagt 435 

CE cgc.gct cqgtgaggat citt TTTTTct cittggaaagaaagt 436 

LE cticagggcagoggaaccTTTTTagg catagg accc.gtgtct 437 

LE cc.gtcaccoggagtc.cat caTTTTTagg catagg accc.gtgtct 4.38 

LE gaggg cataccc ct cqtagat TTTTTaggcataggaccc.gtgtct 439 

BP ACGTCACACTTCATGATGGAGTT 4 4 O 

LE gctitctic cittaatgtcacgcaTTTTTaggcataggaccc.gtgtct 4 41 

BP acctggc.cgtcaggcag 442 

LE cgatgccagtgg tacggcTTTTTaggcataggaccc.gtgtct 443 

LE cagcctggatagcaacgtacaTTTTTagg catagg accc.gtgtct 444 

LE gaagg tagtttcgtggatgcc TTTTTaggcataggaccc.gtgtct 445 

CE gct cattgccaatggtgatgTTTTTct cittggaaagaaagt 446 

LE cagaggcgtacagggatagdaTTTTTagg catagg accc.gtgtct 447 

BP GGCCAGCCAGGTCCAGA 4 48 

CE ttct cqcggttggcct tTTTTTct cittggaaagaaagt 449 

BP GGGGTTCAGGGGGGCC 450 

NM 000043 TNFRSF6 

LE gaactgaatttgttgtttitt cactictTTTTTaggcatagg accc.gtgtct 451 

LE ttgcc actgttt caggatttaaTTTTTaggcataggaccc.gtgtct 452 
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TABLE 4 - continued 

Apoptosis 1 probe set. Accession number and symbol are listed for 
each target, along with probe type and the sequence of the probe. 

SEQ ID 
Type Sequence NO: 

LE tccatgaagttgatgccaattaTTTTTaggcataggaccc.gtgtct 453 

CE gattggcttttittgagat ctittaat TTTTTctic ttggaaagaaagt 454 

LE c cc caagttagatctggat.cctTTTTTaggcataggaccc.gtgtct 45.5 

LE agaccaa.gctittggattt catt TTTTTaggcataggaccc.gtgtct 456 

CE cgaagicagttgaactittctgttcTTTTTct cittggaaagaaagt 47 

CE tgact coagcaatagtggtgatatat TTTTTct cittggaaagaaagt 458 

LE t cct ctittgcacttggtgttgTTTTTagg catagg accc.gtgtct 459 

LE catgttittctgtact tcc tittct ctitTTTTTaggcatagg accc.gtgtct 460 

LE tgctgtgtc.ttgga cattgtcat TTTTTagg cataggaccc.gtgtct 461 

LE tctgaagtttgaattittctgagt caTTTTTagg cataggaccc.gtgtct 462 

CE ggtttitcct ttctgtgctttctgTTTTTct cittggaaagaaagt 463 

LE c tagtaatgtcc ttgaggatgatagt cTTTTTagg cataggaccc.gtgtct 464 

LE agtatttacago cagot attaagaatcTTTTTagg cataggaccc.gtgtct 465 

LE ttittcaaac actaattgcatatact caTTTTTagg cataggaccc.gtgtct 466 

BP GCAAAAGAAGAAGACAAAGCCA 467 

LE ggttggagatt catgaga acct tTTTTTagg cataggaccc.gtgtct 468 

BP ATGTACCCAGTAAAAAACCAAGC 469 

LE cattgacac cattctitt.cgaacaTTTTTagg cataggaccc.gtgtct 470 

LE ttact caagt caa.cat cagataaatttaTTTTTaggcatagg accc.gtgtct 471 

LE caatgtgtcatacgctitc.tttcttTTTTTaggcatagg accc.gtgtct 472 

LE cacccaaacaattagtggaattgTTTTTagg cataggaccc.gtgtct 473 

LE aagcc titta acttgacittagtgtcaTTTTTagg cataggaccc.gtgtct 474 

LE t cittgat ct catctattittggcttTTTTTaggcatagg accc.gtgtct 47s 

CE citctt cagogctaataaatgataaaTTTTTct cittggaaagaaagt 476 

LE tgaattittct ctdcaagagtacaaaTTTTTagg cataggaccc.gtgtct 477 

NM_004103 PTK2B 

LE aagtact gcctggc cct c cTTTTTagg catagg accc.gtgtct 478 

LE gggcc titcgcagggitttcTTTTTaggcataggaccc.gtgtct 479 

BP GGACAAGGCCTGGGGGG 48O 

BP TCCAGCGGGAGGCACC 481 

LE cacct tcaatgcc.cagctgTTTTTagg catagg accc.gtgtct 482 

CE gctggcggat.ccctittaggTTTTTctic ttggaaagaaagt 483 

LE cittggtgct caccctgcagTTTTTagg catagg accc.gtgtct 484 

CE ctgctagggatgaggttittgat TTTTTct cittggaaagaaagt 485 

LE ggaactgtttgggctittaagttTTTTTaggcataggaccc.gtgtct 486 
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TABLE 4 - continued 

Apoptosis 1 probe set. Accession number and symbol are listed for 
each target, along with probe type and the sequence of the probe. 

SEQ ID 
Type Sequence NO: 

CE cittgtttgaactaaattgaggtgcTTTTTct cittggaaagaaagt 555 

BP ACTCTATTTAACTCTGACCCTGGC 556 

LE ggagggc.cgaggaggittTTTTTagg cataggaccc.gtgtct sist 

CE actgttttitt catt cataaagagcaTTTTTct cittggaaagaaagt 558 

LE gttaagatgcagatgtgaatcc cTTTTTagg cataggaccc.gtgtct 559 

LE ggattgc cctdattatttacattt TTTTTaggcataggaccc.gtgtct 560 

CE aaatcttaa.gc.ctgccagagtttTTTTTct cittggaaagaaagt 561 

LE tggcct citc.ttgcggagtaTTTTTagg catagg accc.gtgtct 562 

LE tataat cact tcctaatttitt cocaTTTTTagg cataggaccc.gtgtct 563 

LE titccttgattctgtgactittatt coTTTTTagg cataggaccc.gtgtct 564 

CE ggctttittittagagcc cttgtTTTTTct cittggaaagaaagt 565 

TABLE 5 

Apoptosis 2 probe set. Accession number and symbol are listed for 
each target, along with probe type and the sequence of the probe. 

SEQ ID 
Type Sequence NO : 

NM_006509 RELB 

CE ggctttittct tcc.gc.cgTTTTTccc.ttggaaagaaagt 566 

LE tccacgc.cgtagctgtcat TTTTTagg catagg accc.gtgtct 567 

BP CGGCGTCTTGAACACAATGG 568 

LE tgaccgt cacgggct coacTTTTTagg catagg accc.gtgtct 569 

LE cc.ccgtttcc.gctic cttgTTTTTaggcataggaccc.gtgtct st O 

LE tgaaaggcaatggct cqcTTTTTaggcataggaccc.gtgtct sf1 

LE gcc.cgacct tcc caggag TTTTTaggcataggaccc.gtgtct sf2 

CE caatctgg.cggtgcacgTTTTTct cittggaaagaaagt sf3 

CE gcc.gctgcaggaagacgtTTTTTct cittggaaagaaagt sf4 

LE gcaaatcc.gcagctctgatgTTTTTaggcataggaccc.gtgtct sts 

LE gcc ct gctgaacaccact gaTTTTTaggcataggaccc.gtgtct 576 

LE tgcagaccc catcggtgaTTTTTaggcataggaccc.gtgtct 577 

BP gggct C9gaaag.ca Cagg sf8 

CE aatct coagg to ct cqtaggg.TTTTTct cittggaaagaaagt st 9 

LE cgcagagcaagtagagct cotcTTTTTaggcataggaccc.gtgtct 58 O 

LE atccacccgg.cgcatctTTTTTagg catagg accc.gtgtct 581 

BP ggtC9C9aggCagg tacg 582 
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TABLE 5 - continued 

Apoptosis 2 probe set. Accession number and symbol are listed for 
each target, along with probe type and the sequence of the probe. 

SEQ ID 
Type Sequence NO : 

BP ATCATATACCCCTAACACAGAGATAAC 617 

LE c catctgtt tacttct caaatgaaaTTTTTagg cataggaccc.gtgtct 618 

LE gggtggtctgct coagtaccTTTTTaggcataggaccc.gtgtct 619 

LE t cacc cc cacagctagaggaTTTTTaggcataggaccc.gtgtct 62O 

LE caccctgcc caaccittagag TTTTTaggcataggaccc.gtgtct 621 

BP GCCATGAGGGCAGGCG 622 

CE ggit coccagcticagoc ctaTTTTTctic ttggaaagaaagt 623 

LE ccacct tcc ccctgcct TTTTTagg catagg accc.gtgtct 624 

LE aggaaggtogctggacgatTTTTTagg catagg accc.gtgtct 625 

BP TTGAGGGGCCAGTGTCTCC 626 

BP TCACAAGACAGAGGGGGGTAT 627 

BP GGGGCTCCT CAAAAGGTACAG 628 

BP GGTGAGGCCCCTTCAAAGTG 629 

LE ggctgtgct cactt cagggtTTTTTaggcataggaccc.gtgtct 630 

NM_002046 GAPDH 

BP CGGAGGGGCCATCCAC 3 

LE cccacct gattittggagggaTTTTTaggcataggaccc.gtgtct 4. 

CE agct tcc.cgttct cagcc tTTTTTct cittggaaagaaagt 5 

LE cct tccacgataccaaagttgtTTTTTaggcataggaccc.gtgtct 6 

CE ccttittggct cocc cctTTTTTct cittggaaagaaagt 7 

LE c cagtgg acticcacgacgtacTTTTTagg catagg accc.gtgtct 8 

CE tgacggtgc catggaattitTTTTTct cittggaaagaaagt 9 

LE ggcatggactgtggtcatgagt TTTTTaggcataggaccc.gtgtct O 

LE gggtgctaa.gcagttggtggtTTTTTaggcataggaccc.gtgtct 1. 

LE agt cittctgggtggcagtgat TTTTTagg catagg accc.gtgtct 2 

BP AACATGGGGGCATCAGCA 3 

BP CATGGTTCACACCCATGACG 4. 

BP gCaggaggcattgctgatga 5 

LE cacagcc ttggcagcgcTTTTTagg catagg accc.gtgtct 6 

LE c cagtgagct tcc.cgttcaTTTTTagg catagg accc.gtgtct 7 

BP GAGGGGGCAGAGATGATGAC 8 

LE t cittgaggctgttgtcat acttctTTTTTaggcatagg accc.gtgtct 9 

CE catggatgaccttggc.cagTTTTTct cittggaaagaaagt 2O 

BP TGGAGAGCCCCGCGG 21 
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TABLE 5 - continued 

Apoptosis 2 probe set. Accession number and symbol are listed for 
each target, along with probe type and the sequence of the probe. 

SEQ ID 
Type Sequence NO : 

CE gct cagggatgaccttgcc TTTTTctic ttggaaagaaagt 22 

LE ttct c catggtggtgaagacgTTTTTagg catagg accc.gtgtct 23 

LE c catcacgc.cacagtttcc TTTTTagg catagg accc.gtgtct 24 

LE gatgggattitccattgatgacaTTTTTaggcataggaccc.gtgtct 25 

CE gcaaatgagc.cccago cTTTTTct cittggaaagaaagt 26 

CE t ct cqct cotggaagatggtTTTTTct cittggaaagaaagt 27 

LE cagtagaggcagggatgatgttcTTTTTagg cataggaccc.gtgtct 28 

BP TCAGCGCCAGCATCGC 29 

NM O2O529 NFKBIA 

LE ggcc.cagctgctgctgitat TTTTTagg catagg accc.gtgtct 631 

BP CTGAGCATTGACATCAGCACC 632 

CE tgc gaggtgaagggcagtTTTTTcc cttggaaagaaagt 633 

CE gtcct ctdtgaact cogtgaac TTTTTct cittggaaagaaagt 634 

LE ggatagaggctaagtgtaga cacgTTTTTaggcataggaccc.gtgtct 635 

LE citctgttgacat cagocc caTTTTTaggcataggaccc.gtgtct 636 

LE cacttcaac aggagtgacaccagTTTTTagg cataggaccc.gtgtct 637 

LE ccggc cattacagggct cTTTTTaggcataggaccc.gtgtct 638 

LE gtcaggattittgcagg to cacTTTTTaggcataggaccc.gtgtct 639 

LE tgtggcc attgtagttgg tagcTTTTTaggcataggaccc.gtgtct 64 O 

BP gcc cc aggtgagctggta 641 

BP TCATCCT CACTCTCTGGCAGC 642 

LE gacgctggcctic caaacaTTTTTaggcataggaccc.gtgtct 643 

CE cgatgcc cagg tagcc at TTTTTct cittggaaagaaagt 644 

CE gggagaatagocct gg tagg taaTTTTTct cittggaaagaaagt 645 

BP CGGGGTGGTGCAGGACT 646 

CE gcc aggcagcc.ctgct cTTTTTct cittggaaagaaagt 647 

BP CAAGGACACCAAAAGCTCCA 648 

BP CCGGGTGCTTGGGCG 649 

CE citt caggatggagtggaggtgTTTTTct cittggaaagaaagt 650 

LE tctgact citgtgtcat agct ct coTTTTTaggcatagg accc.gtgtct 651 

LE gag to aggactic ccacgctgTTTTTaggcataggaccc.gtgtct 652 

BP Cacagt catcat agggcagctic 653 

LE atctgaaggttittctagtgtcagot TTTTTagg cataggaccc.gtgtct 654 

LE c cc tittgcact cataacgtcaTTTTTagg catagg accc.gtgtct 655 
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Apoptosis 2 probe set. Accession number and symbol are listed for 
each target, along with probe type and the sequence of the probe. 

Type Sequence 

BP TGGCAGGGGCTCTTGATG 

CE gtctgg taggagacggcgatTTTTTct cittggaaagaaagt 

LE gcttgggttc.cgaccctaag TTTTTaggcataggaccc.gtgtct 

BP TGGGGCAGGGGAGGC 

BP GTTTGGGAAGGTTGGATGTTC 

LE atcc.caaagtag acctg.cccTTTTTaggcataggaccc.gtgtct 

BP CCCCTCTGGGGTCTCCCTC 

LE caggagggcattggcc cTTTTTagg catagg accc.gtgtct 

LE gcagagaggaggttgaccttgTTTTTaggcataggaccc.gtgtct 

LE gtcct cotcacagggcaatgTTTTTaggcataggaccc.gtgtct 

CE tcc cagatagatgggct catacTTTTTct cittggaaagaaagt 

LE cagggcttggcct cagcTTTTTagg catagg accc.gtgtct 

LE tgaggagcacatgggtggag TTTTTaggcataggaccc.gtgtct 

BP tgaagaggacctgggagtagatg 

BP GCGCTGAGTCGGTCACCCT 

LE agctic cacgc.cattggcTTTTTagg catagg accc.gtgtct 

BP GGGCAGCCTTGGCCCT 

0205 While the foregoing invention has been described in 
Some detail for purposes of clarity and understanding, it will 
be clear to one skilled in the art from a reading of this disclo 
Sure that various changes in form and detail can be made 
without departing from the true scope of the invention. For 
example, all the techniques and apparatus described above 
can be used in various combinations. All publications, pat 

SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS: 841 

<21 Os SEQ ID NO 1 
&211s LENGTH: 22 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

SEQ ID 
NO : 

825 

826 

827 

828 

829 

83 O 

831 

832 

833 

834 

835 

836 

837 

838 

839 

84 O 

841 

ents, patent applications, and/or other documents cited in this 
application are incorporated by reference in their entirety for 
all purposes to the same extent as if each individual publica 
tion, patent, patent application, and/or other document were 
individually indicated to be incorporated by reference for all 
purposes. 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs SEQUENCE: 1 

cactt cactt tottt coaag ag 

<21 Os SEQ ID NO 2 
&211s LENGTH: 18 
&212s. TYPE: DNA 

22 
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- Continued 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 2 

aagtacgaca accacatc 

<210s, SEQ ID NO 3 
&211s LENGTH: 16 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 3 

cggaggggcc atccac 

<210s, SEQ ID NO 4 
&211s LENGTH: 44 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 4 

CCC acttgat tittggaggga tttittaggca taggaccc.gt gtct 

<210s, SEQ ID NO 5 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 5 

agct tcc.cgt tot cagoctt ttittct cittg gaaagaaagt 

<210s, SEQ ID NO 6 
&211s LENGTH: 46 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 6 

cct tccacga taccaaagtt gttttittagg cataggaccc gtgtct 

<210s, SEQ ID NO 7 
&211s LENGTH: 38 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OO > SEQUENCE: 7 

ccttittggct c cc cccttitt ttct cittgga aagaaagt 

<210s, SEQ ID NO 8 
&211s LENGTH: 45 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

18 

16 

44 

4 O 

46 

38 
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- Continued 

<4 OOs, SEQUENCE: 8 

Ccagtggact C cacgacgta Ctttittaggc at aggacccg tdt ct 

<210s, SEQ ID NO 9 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 9 

tgacggtgcc atggaattitt ttitt Ctcttg gaaagaaagt 

<210s, SEQ ID NO 10 
&211s LENGTH: 46 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 10 

ggcatggact gtggtcatga gttttittagg cataggaccc gtgtct 

<210s, SEQ ID NO 11 
&211s LENGTH: 45 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 11 

gggtgctaag cagttggtgg tttitt taggc at aggacccg tdt ct 

<210s, SEQ ID NO 12 
&211s LENGTH: 45 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 12 

agticttctgg gtggcagtga tttitt taggc at aggacccg tdt ct 

<210s, SEQ ID NO 13 
&211s LENGTH: 18 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 13 

alacatggggg cat cagca 

<210s, SEQ ID NO 14 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 14 

catggttcac acc catgacg 

45 

4 O 

46 

45 

45 

18 
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- Continued 

<210s, SEQ ID NO 15 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 15 

gCaggaggca ttgctgatga 

<210s, SEQ ID NO 16 
&211s LENGTH: 41 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 16 

Cacagccttg gcagogcttt ttagg catag gaccc.gtgtc. t 

<210s, SEQ ID NO 17 
&211s LENGTH: 43 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

< 4 OO > SEQUENCE: 17 

c cagtgagct tcc.cgttcat ttittagg.cat agg accc.gtg tct 

<210s, SEQ ID NO 18 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 18 

gagggggcag agatgatgac 

<210s, SEQ ID NO 19 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 19 

t ctitgaggct gttgtcatac ttcttttitta ggcataggac ccgtgtct 

<210s, SEQ ID NO 2 O 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 2O 

Catggatgac Cttggc.cagt ttitt Ctcttg gaaagaaagt 

<210s, SEQ ID NO 21 
&211s LENGTH: 15 
&212s. TYPE: DNA 

41 

43 

48 

4 O 
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- Continued 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 21 

<210s, SEQ ID NO 22 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 22 

gct Cagggat gaccttgcct ttittct ctitg gaaagaaagt 

<210s, SEQ ID NO 23 
&211s LENGTH: 45 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 23 

ttct coatgg tdtgaagac gtttittaggc at aggacccg tdt ct 

<210s, SEQ ID NO 24 
&211s LENGTH: 43 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 24 

c cat cacgcc acagtttcct ttittagg.cat agg accc.gtg tct 

<210s, SEQ ID NO 25 
&211s LENGTH: 46 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 25 

gatgggattt C cattgatga catttittagg cataggaccc gtgtct 

<210s, SEQ ID NO 26 
&211s LENGTH: 38 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 26 

gcaaatgagc cccagocttt ttctic ttgga aagaaagt 

<210s, SEQ ID NO 27 
&211s LENGTH: 41 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

15 

4 O 

45 

43 

46 

38 
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- Continued 

<4 OOs, SEQUENCE: 27 

t citcgctic ct ggaagatggit tttitt ct citt ggaaagaaag t 

<210s, SEQ ID NO 28 
&211s LENGTH: 47 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 28 

Cagtagaggc agggatgatgttctttittag gcataggacc C9tgtct 

<210s, SEQ ID NO 29 
&211s LENGTH: 16 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 29 

t cagcgc.cag catcgc 

<210s, SEQ ID NO 3 O 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 30 

aattcttgca caaatatttg atgctttitta ggcataggac ccgtgtct 

<210s, SEQ ID NO 31 
&211s LENGTH: 49 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 31 

gaaattcaaa tittaac Cagg aatcttttitt agg catagga ccc.gtgtct 

<210s, SEQ ID NO 32 
&211s LENGTH: 46 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 32 

tg tattgcat citggcaac cc tatttittagg cataggaccc gtgtct 

<210s, SEQ ID NO 33 
&211s LENGTH: 26 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 33 

agtgttgaag tagatttgct taagt 

41 

47 

16 

48 

49 

46 

26 
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- Continued 

<210s, SEQ ID NO 34 
&211s LENGTH: 30 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 34 

aagttacact tdaaaataat titatgttatg 

<210s, SEQ ID NO 35 
&211s LENGTH: 49 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 35 

ggtaagatgg totaatac tttitttittitt aggcatagga ccc.gtgtct 

<210s, SEQ ID NO 36 
&211s LENGTH: 22 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

< 4 OO > SEQUENCE: 36 

aaaaaatcca ggattt coag ct 

<210s, SEQ ID NO 37 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OO > SEQUENCE: 37 

Ctagggttgc Cagatttaac aga 

<210s, SEQ ID NO 38 
&211s LENGTH: 24 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 38 

catgtc.ctica caa.cat cact gtga 

<210s, SEQ ID NO 39 
&211s LENGTH: 25 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 39 

c cacttagaa ataaaggaga aacca 

<210s, SEQ ID NO 4 O 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 

3 O 

49 

22 

23 

24 

25 
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<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 4 O 

tgcacc cagt titt cottggit ttittct cittg gaaagaaagt 

<210s, SEQ ID NO 41 
&211s LENGTH: 29 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 41 

gtacaatgaaaaactatt cattgtt tact 

<210s, SEQ ID NO 42 
&211s LENGTH: 46 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 42 

ggtc.ca.gaca gagct citctt cctttittagg cataggaccc gtgtct 

<210s, SEQ ID NO 43 
&211s LENGTH: 31 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 43 

tttitttgtag attcaaataa ataatactitt a 

<210s, SEQ ID NO 44 
&211s LENGTH: 26 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 44 

gcttcaaata t cacattcta gcaaac 

<210s, SEQ ID NO 45 
&211s LENGTH: 22 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 45 

Caaaaact to tccaca acco to 

<210s, SEQ ID NO 46 
&211s LENGTH: 52 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

4 O 

29 

46 

31 

26 

22 
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<4 OOs, SEQUENCE: 46 

catataagta tottctggat attt catgtt tttaggcata ggaccc.gtgt ct 

<210s, SEQ ID NO 47 
&211s LENGTH: 49 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 47 

c cattcaatt cotgaaatta aagttitttitt agg catagga ccc.gtgtct 

<210s, SEQ ID NO 48 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 48 

ttggatacca cagagaatga atttitttitta ggcataggac ccgtgtct 

<210s, SEQ ID NO 49 
&211s LENGTH: 46 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 49 

ttct cocqtd caatat ctag gatttittagg cataggaccc gtgtct 

<210s, SEQ ID NO 50 
&211s LENGTH: 31 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 50 

ataaaa.catc atttaatlatc taaaataaaa t 

<210s, SEQ ID NO 51 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 51 

caacagaccc acacaataca toga 

<210s, SEQ ID NO 52 
&211s LENGTH: 47 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 52 

ttcactggca tott cactga ttcttitt tag goatagg acc cqtgtct 

52 

49 

48 

46 

31 

23 

47 
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<210s, SEQ ID NO 53 
&211s LENGTH: 49 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 53 

caatgatt catcttct attt titc catttitt agg catagga ccc.gtgtct 

<210s, SEQ ID NO 54 
&211s LENGTH: 57 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 54 

aaatttacta taacat ctitt ataactatt c aatttitt tag gcataggacc cqtgtct 

<210s, SEQ ID NO 55 
&211s LENGTH: 45 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

< 400 SEQUENCE: 55 

aggcacagtg gaacaaggac tttitt taggc at aggacccg tdt ct 

<210s, SEQ ID NO 56 
&211s LENGTH: 41 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 56 

cggatatt ct cittggc cctt tttitt ct citt ggaaagaaag t 

<210s, SEQ ID NO 57 
&211s LENGTH: 44 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OO > SEQUENCE: 57 

ttittatgaat t ct cago'cct ctittttitt ct cittggaaaga aagt 

<210s, SEQ ID NO 58 
&211s LENGTH: 26 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 58 

taaaaaccct gattgaaatt tat cta 

<210s, SEQ ID NO 59 
&211s LENGTH: 48 
&212s. TYPE: DNA 

49 

45 

41 

44 

26 
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<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OO > SEQUENCE: 59 

ggcct caatt ttgctatttg tatatttitta ggcataggac ccgtgtct 

<210s, SEQ ID NO 60 
&211s LENGTH: 33 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 60 

ttaaataaat a cataaataa taaataggitt aat 

<210s, SEQ ID NO 61 
&211s LENGTH: 24 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 61 

atgaaaaaac ttaaagtgct tcca 

<210s, SEQ ID NO 62 
&211s LENGTH: 41 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 62 

tgtggat.cct ggctagoaga tttittctictt ggaaagaaag t 

<210s, SEQ ID NO 63 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 63 

attgtcc.cat catttittatg tdattittitta ggcataggac ccgtgtct 

<210s, SEQ ID NO 64 
&211s LENGTH: 29 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 64 

aaatcc titat atttaaaaat tatttgttg 

<210s, SEQ ID NO 65 
&211s LENGTH: 45 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

48 

33 

24 

41 

48 

29 
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<4 OOs, SEQUENCE: 65 

acccaattgtttgtttgttt aatctttitt c ticttggaaag aaagt 

<210s, SEQ ID NO 66 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 66 

aaatttgact titatggcaaa atttitttitta ggcataggac ccgtgtct 

<210s, SEQ ID NO 67 
&211s LENGTH: 22 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OO > SEQUENCE: 67 

Ctgcaggaac to Cttaaagc tig 

<210s, SEQ ID NO 68 
&211s LENGTH: 42 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 68 

aactggaccg aaggcgcttt tttaggcata ggaccc.gtgt ct 

<210s, SEQ ID NO 69 
&211s LENGTH: 45 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 69 

aagttctgtg cccagtggac atttittaggc at aggacccg tdt ct 

<210s, SEQ ID NO 70 
&211s LENGTH: 43 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OO > SEQUENCE: 7 O 

tgtgcc tigca gctitcgt.cat ttittagg.cat agg accc.gtg tct 

<210s, SEQ ID NO 71 
&211s LENGTH: 45 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 71 

Ctgcaggaac tdatcagga cittitt taggc at aggacccg tdt ct 

45 

48 

22 

42 

45 

43 

45 
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<210s, SEQ ID NO 72 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 72 

cctcaaactic caaaagacca gtg 

<210s, SEQ ID NO 73 
&211s LENGTH: 47 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OO > SEQUENCE: 73 

gcatctagat t ctittgcc tt tttitttittag goatagg acc cqtgtct 

<210s, SEQ ID NO 74 
&211s LENGTH: 41 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

< 4 OO > SEQUENCE: 74 

gagcttct ct titcgttc.ccg tttitt ct citt ggaaagaaag t 

<210s, SEQ ID NO 75 
&211s LENGTH: 38 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OO > SEQUENCE: 75 

agcc cc aggg agaaggcttt ttct cttgga aagaaagt 

<210s, SEQ ID NO 76 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OO > SEQUENCE: 76 

gaatttgttt gtcaatticgt. tctgtttitta ggcataggac ccgtgtct 

<210s, SEQ ID NO 77 
&211s LENGTH: 44 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OO > SEQUENCE: 77 

gatgc.cgt.cg aggatgtacc tittittaggca taggaccc.gt gtct 

<210s, SEQ ID NO 78 
&211s LENGTH: 22 
&212s. TYPE: DNA 

23 

47 

41 

38 

48 

44 
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<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OO > SEQUENCE: 78 

tittggalaggt tdaggttgtt tt 

<210s, SEQ ID NO 79 
&211s LENGTH: 44 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OO > SEQUENCE: 79 

tgtggagaag gagttcat ag Ctgtttittct Cttggaaaga aagt 

<210s, SEQ ID NO 8O 
&211s LENGTH: 47 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 80 

ggcttgttcc ticactact ct caattitt tag goatagg acc cqtgtct 

<210s, SEQ ID NO 81 
&211s LENGTH: 51 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 81 

atctgttctg gagg tact ct aggtatattt ttagg catag gaccc.gtgtc. t 

<210s, SEQ ID NO 82 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 82 

ttttgtactic atctgcacag ct cittttitta ggcataggac ccgtgtct 

<210s, SEQ ID NO 83 
&211s LENGTH: 42 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 83 

gCaggcaa.ca C caggagctt tttaggcata ggaccc.gtgt ct 

<210s, SEQ ID NO 84 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

22 

44 

47 

51 

48 

42 
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<4 OOs, SEQUENCE: 84 

ggtttctgac Cagaagaagg aatgtttitta ggCataggac ccgtgtct 

<210s, SEQ ID NO 85 
&211s LENGTH: 43 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 85 

tgcc catgct acatttgcct ttittagg.cat agg accc.gtg tct 

<210s, SEQ ID NO 86 
&211s LENGTH: 46 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 86 

aagaggtgag tectgtctg tdtttittagg cataggaccc gtgtct 

<210s, SEQ ID NO 87 
&211s LENGTH: 18 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OO > SEQUENCE: 87 

tggggcggct a catctitt 

<210s, SEQ ID NO 88 
&211s LENGTH: 46 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 88 

gcatcCatct ttitt cago catctttittagg cataggaccc gtgtct 

<210s, SEQ ID NO 89 
&211s LENGTH: 46 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 89 

atgattitt ca ccaggcaagt ctitttittagg cataggaccc gtgtct 

<210s, SEQ ID NO 90 
&211s LENGTH: 42 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide 

<4 OOs, SEQUENCE: 90 

tgtc.t.c ctitt ct cagggctg atttittct ct tdgaaagaaa git 

probe 

probe 

probe 

probe 

probe 

probe 

48 

43 

46 

18 

46 

46 

42 

Jun. 21, 2012 



US 2012/O157348 A1 
65 

- Continued 

<210s, SEQ ID NO 91 
&211s LENGTH: 16 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 91 

tggggc aggg aaggca 

<210s, SEQ ID NO 92 
&211s LENGTH: 42 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 92 

gCaggctggc atttgttggitt tttaggcata ggaccc.gtgt ct 

<210s, SEQ ID NO 93 
&211s LENGTH: 43 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

< 4 OO > SEQUENCE: 93 

ctgccagtgc ct ctittgctt ttittagg.cat agg accc.gtg tct 

<210s, SEQ ID NO 94 
&211s LENGTH: 44 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 94 

tgtc.ctgcag ccactggttc tttittaggca taggaccc.gt gtct 

<210s, SEQ ID NO 95 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OO > SEQUENCE: 95 

gaagagcc ct caggctggat ttittct ctitg gaaagaaagt 

<210s, SEQ ID NO 96 
&211s LENGTH: 24 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 96 

cc cattaa.ca acaacaatct gagg 

<210s, SEQ ID NO 97 
&211s LENGTH: 2O 
&212s. TYPE: DNA 

16 

42 

43 

44 

4 O 

24 
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<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OO > SEQUENCE: 97 

ttgggt Cagg ggtggittatt 

<210s, SEQ ID NO 98 
&211s LENGTH: 21 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 98 

ggaatcttct cctgggggta C 

<210s, SEQ ID NO 99 
&211s LENGTH: 46 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 99 

cgcagaatga gatgagttgt catttittagg cataggaccc gtgtct 

<210s, SEQ ID NO 100 
&211s LENGTH: 43 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 1.OO 

ggct Cotgga ggcgagat at ttt taggcat aggaccc.gtg tct 

<210s, SEQ ID NO 101 
&211s LENGTH: 43 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 101 

cct cattgaa tocagattgg aatttittct c ttggaaagaa agt 

<210s, SEQ ID NO 102 
&211s LENGTH: 27 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 102 

gctitt cacac atgttact ct tdttaca 

<210s, SEQ ID NO 103 
&211s LENGTH: 23 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

21 

46 

43 

43 

27 
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<4 OOs, SEQUENCE: 103 

aaatgcctaa gaaaagagtt coa 

<210s, SEQ ID NO 104 
&211s LENGTH: 28 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 104 

tgcattaaaa tatttcttaa gotttitct 

<210s, SEQ ID NO 105 
&211s LENGTH: 27 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 105 

aaaaagtttg aagtaaaagg agacaat 

<210s, SEQ ID NO 106 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 106 

gcttcttitta catatgggtc. citggitttitta ggcataggac ccgtgtct 

<210s, SEQ ID NO 107 
&211s LENGTH: 46 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 107 

gCaggcagga caac cattac titttittagg cataggaccc gtgtct 

<210s, SEQ ID NO 108 
&211s LENGTH: 33 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 108 

aataaataga tittagattta aaattcaaat att 

<210s, SEQ ID NO 109 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 109 

aaaaacttga catt catgtc titcCtttitta ggcataggac ccgtgtct 

23 

28 

27 

48 

46 

33 

48 
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<210s, SEQ ID NO 110 
&211s LENGTH: 22 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 110 

ggatgct citt cqaccttgaa ac 

<210s, SEQ ID NO 111 
&211s LENGTH: 45 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 111 

t citcgtttct ttttgttgct attgtttitt c ticttggaaag aaagt 

<210s, SEQ ID NO 112 
&211s LENGTH: 54 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

< 4 OO > SEQUENCE: 112 

aatact tatt tdattgatga gttctaaaaat tttittaggca taggaccc.gt gtct 

<210s, SEQ ID NO 113 
&211s LENGTH: 51 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 113 

at attc ccca tataaataat gttaaatatt tttitt ct citt ggaaagaaag t 

<210s, SEQ ID NO 114 
&211s LENGTH: 44 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 114 

ttggctctgc attatttittctgttttitt ct cittggaaaga aagt 

<210s, SEQ ID NO 115 
&211s LENGTH: 47 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 115 

tgga cattca agt cagttac cqatttittag goatagg acc cqtgtct 

<210s, SEQ ID NO 116 
&211s LENGTH: 45 
&212s. TYPE: DNA 

22 
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- Continued 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 116 

agcatctgac toctittitt cq ctittittaggc at agg acccg togt ct 

<210s, SEQ ID NO 117 
&211s LENGTH: 27 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 117 

gatgctctgg to atctittaa agtttitt 

<210s, SEQ ID NO 118 
&211s LENGTH: 49 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 118 

ataattagtic agcttitt.cga agt catttitt agg catagga ccc.gtgtct 

<210s, SEQ ID NO 119 
&211s LENGTH: 46 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 119 

cgacagttca gcc at cactt ggtttittagg cataggaccc gtgtct 

<210s, SEQ ID NO 120 
&211s LENGTH: 47 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 120 

titat cogcta catctgaatg accttitt tag goatagg acc cqtgtct 

<210s, SEQ ID NO 121 
&211s LENGTH: 45 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 121 

atgagttcat g tattgctitt gcgttttitt c ticttggaaag aaagt 

<210s, SEQ ID NO 122 
&211s LENGTH: 47 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

45 
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<4 OOs, SEQUENCE: 122 

ttgatggit ct c cacact citt ttgtttittag goatagg acc cqtgtct 

<210s, SEQ ID NO 123 
&211s LENGTH: 41 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 123 

titcc ctdttt tagctgctgg tttitt ct citt ggaaagaaag t 

<210s, SEQ ID NO 124 
&211s LENGTH: 47 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 124 

cact ct cotc titt coaattic tt catttittt tot cittggaa agaaagt 

<210s, SEQ ID NO 125 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 125 

gcagtgtctic tact caggitt Caggitttitta ggCataggac ccgtgtct 

<210s, SEQ ID NO 126 
&211s LENGTH: 16 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 126 

cc.gcaggc cc tottg 

<210s, SEQ ID NO 127 
&211s LENGTH: 15 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 127 

gggctggg.cg agcgg 

<210s, SEQ ID NO 128 
&211s LENGTH: 44 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 128 

gggttgcaca ggaagttt CC tittittaggca taggaccc.gt gtct 
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<210s, SEQ ID NO 129 
&211s LENGTH: 42 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 129 

Caggcc acag tecccaagtt tttaggcata ggaccc.gtgt ct 

<210s, SEQ ID NO 130 
&211s LENGTH: 18 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 130 

ggggttggag gCagtgc 

<210s, SEQ ID NO 131 
&211s LENGTH: 18 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

< 4 OO > SEQUENCE: 131 

t catggtcaa gggggc ct 

<210s, SEQ ID NO 132 
&211s LENGTH: 47 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 132 

agcagaaagt cct tcaggitt citcttitt tag goatagg acc cqtgtct 

<210s, SEQ ID NO 133 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 133 

tgagcttggit gaggctgcct ttitt Ctcttg gaaagaaagt 

<210s, SEQ ID NO 134 
&211s LENGTH: 39 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 134 

agcagcaggc tictgcagctt tttct cttgg aaagaaagt 

<210s, SEQ ID NO 135 
&211s LENGTH: 43 
&212s. TYPE: DNA 
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<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 135 

tgtaggcagg toggct cott ttt taggcat aggaccc.gtg tct 

<210s, SEQ ID NO 136 
&211s LENGTH: 50 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 136 

tittgaaactt toaaaggtga taatc.tttitt taggcatagg accc.gtgtct 

<210s, SEQ ID NO 137 
&211s LENGTH: 44 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 137 

tggatggc at t cacatgctic tittittaggca taggaccc.gt gtct 

<210s, SEQ ID NO 138 
&211s LENGTH: 16 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 138 

cCagggctgc gtgctg 

<210s, SEQ ID NO 139 
&211s LENGTH: 39 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 139 

tacagcticca ggcgggtctt tttct cttgg aaagaaagt 

<210s, SEQ ID NO 140 
&211s LENGTH: 44 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 140 

ct cact cotg gactggct cotttittaggca taggaccc.gt gtct 

<210s, SEQ ID NO 141 
&211s LENGTH: 21 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 
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<4 OOs, SEQUENCE: 141 

Cagcagt caa aggggatgac a 

<210s, SEQ ID NO 142 
&211s LENGTH: 49 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 142 

ttct actgtt to attcatct cagcatttitt agg catagga ccc.gtgtct 

<210s, SEQ ID NO 143 
&211s LENGTH: 49 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 143 

ggaggit caaa catttctgag atgactittitt aggcatagga ccc.gtgtct 

<210s, SEQ ID NO 144 
&211s LENGTH: 15 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 144 

agacgc.cggg cct Co 

<210s, SEQ ID NO 145 
&211s LENGTH: 39 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 145 

gcgggtgcag agatgctgtt tttct Cttgg aaagaaagt 

<210s, SEQ ID NO 146 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 146 

tgcttgtagt ggctggcc at ttitt Ctcttg gaaagaaagt 

<210s, SEQ ID NO 147 
&211s LENGTH: 46 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 147 

gtc.ttcactic tdctgaaggc atttitt tagg cataggaccc gtgtct 
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<210s, SEQ ID NO 148 
&211s LENGTH: 42 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 148 

ctgggit cittg gttct cagct ttttittct ct tdgaaagaaa git 

<210s, SEQ ID NO 149 
&211s LENGTH: 25 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 149 

ggtaaaactg gat Catctica gacaa 

<210s, SEQ ID NO 150 
&211s LENGTH: 49 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

< 4 OO > SEQUENCE: 150 

tgatgaagat gtcaaactica ct catttittt agg catagga ccc.gtgtct 

<210s, SEQ ID NO 151 
&211s LENGTH: 17 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 151 

gactgggtgc cctggCC 

<210s, SEQ ID NO 152 
&211s LENGTH: 49 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 152 

tgtc.ctagag tictatagagt cqC catttitt aggcatagga ccc.gtgtct 

<210s, SEQ ID NO 153 
&211s LENGTH: 22 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 153 

ggctttgtag atgcctitt ct ct 

<210s, SEQ ID NO 154 
&211s LENGTH: 42 
&212s. TYPE: DNA 
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<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 154 

taggcaggitt gcctgggatt tttaggcata ggaccc.gtgt ct 

<210s, SEQ ID NO 155 
&211s LENGTH: 50 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OO > SEQUENCE: 155 

cattgt catg taggcttcta totagtttitt taggcatagg accc.gtgtct 

<210s, SEQ ID NO 156 
&211s LENGTH: 42 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 156 

Ctcggagatc. tcgaag catgtttitt totct taaagaaa git 

<210s, SEQ ID NO 157 
&211s LENGTH: 18 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OO > SEQUENCE: 157 

ggggcatcac ctic ct c ca 

<210s, SEQ ID NO 158 
&211s LENGTH: 45 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 158 

ccgattittgg agacct citaa tittatttitt c ticttggaaag aaagt 

<210s, SEQ ID NO 159 
&211s LENGTH: 44 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 159 

gctgat cott catttgaaag aaatttitt ct cittggaaaga aagt 

<210s, SEQ ID NO 160 
&211s LENGTH: 47 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 
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<4 OOs, SEQUENCE: 160 

tggagctitat taaaggcatt ctitttitt tag goatagg acc cqtgtct 

<210s, SEQ ID NO 161 
&211s LENGTH: 41 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 161 

agtgggtgca gctgttct catttittctictt ggaaagaaag t 

<210s, SEQ ID NO 162 
&211s LENGTH: 44 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 162 

gctatoccag agc.cccagat tttittaggca taggaccc.gt gtct 

<210s, SEQ ID NO 163 
&211s LENGTH: 49 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 163 

c cct gatgtc. tcagtttcqt atcttitttitt agg catagga ccc.gtgtct 

<210s, SEQ ID NO 164 
&211s LENGTH: 48 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 164 

actic ctittaa caacaagttg to catttitta ggcataggac ccgtgtct 

<210s, SEQ ID NO 165 
&211s LENGTH: 42 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 165 

cacctgct co acggcc tittt tttaggcata ggaccc.gtgt ct 

<210s, SEQ ID NO 166 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 166 

gttcacatgc gcc ttgatgt 
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<210s, SEQ ID NO 167 
&211s LENGTH: 43 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 167 

aatcgatgac agcgc.cgt at ttt taggcat aggaccc.gtg tct 

<210s, SEQ ID NO 168 
&211s LENGTH: 22 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 168 

gct Cttgttt t cacagggala ga 

<210s, SEQ ID NO 169 
&211s LENGTH: 44 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

< 4 OO > SEQUENCE: 169 

ggcttggcaa CCC aggtaac tttittaggca taggaccc.gt gtct 

<210s, SEQ ID NO 170 
&211s LENGTH: 42 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 170 

Caggttct co CCC agggatt tttaggcata ggaccc.gtgt ct 

<210s, SEQ ID NO 171 
&211s LENGTH: 4 O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 171 

gcct cagcct gagggit Cttt ttittct ctitg gaaagaaagt 

<210s, SEQ ID NO 172 
&211s LENGTH: 45 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 172 

ccittaaagtic ctic cagdaag gtttittaggc at agg acccg togt ct 

<210s, SEQ ID NO 173 
&211s LENGTH: 41 
&212s. TYPE: DNA 
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<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 173 

gcggctgatg gtgtgggttt ttagg catag gaccc.gtgtc. t 

<210s, SEQ ID NO 174 
&211s LENGTH: 44 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 174 

aggtacaggc cct Ctgatgg tttittaggca taggaccc.gt gtct 

<210s, SEQ ID NO 175 
&211s LENGTH: 44 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OO > SEQUENCE: 175 

t cactic caaa gtgcagcagg tttittaggca taggaccc.gt gtct 

<210s, SEQ ID NO 176 
&211s LENGTH: 39 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 176 

tcqgg.ccgat tdatct catt tttct cittgg aaagaaagt 

<210s, SEQ ID NO 177 
&211s LENGTH: 19 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OO > SEQUENCE: 177 

aggcttgtca citcggggitt 

<210s, SEQ ID NO 178 
&211s LENGTH: 2O 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 178 

gaggtocctggggaactictt 

<210s, SEQ ID NO 179 
&211s LENGTH: 43 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 
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<4 OO > SEQUENCE: 179 

gcgctgagtic ggt caccctt ttt taggcat aggaccc.gtg tct 

<210s, SEQ ID NO 18O 
&211s LENGTH: 43 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 18O 

tctic cagotg gaagacccct ttittagg.cat agg accc.gtg tct 

<210s, SEQ ID NO 181 
&211s LENGTH: 46 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 181 

agacitcggca aagtc.gagat agtttittagg cataggaccc gtgtct 

<210s, SEQ ID NO 182 
&211s LENGTH: 41 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 182 

gtctgg tagg agacggcgat tttitt Ctctt ggaaagaaag t 

<210s, SEQ ID NO 183 
&211s LENGTH: 15 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 183 

tggggc aggg gaggc 

<210s, SEQ ID NO 184 
&211s LENGTH: 19 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 184 

cc cct ctdgg gtc.t.ccctic 

<210s, SEQ ID NO 185 
&211s LENGTH: 41 
&212s. TYPE: DNA 
<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: synthetic oligonucleotide probe 

<4 OOs, SEQUENCE: 185 

Caggagggca ttggcc ctitt ttagg catag gaccc.gtgtc. t 
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