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Abstract
We have developed a method for the detection of genetic markers associated with high
pathogenicity in influenza. The assay consists of an array of 5′-thiolated ssDNA oligonucleotides
immobilized on the surface of a Ag nanorod substrate that serve as capture probes for the
detection of synthetic RNA sequences coding for a genetic mutation in the influenza PB1-F2
protein. Hybridization of the DNA probes to their complementary RNA sequences was detected
using surface-enhanced Raman spectroscopy (SERS). Multivariate statistical analysis was used to
differentiate the spectra of the complementary DNA probe-RNA target hybrids from those of the
non-complementary DNA probes containing a single base pair polymorphism. Hierarchical cluster
analysis (HCA) was able to distinguish with 100% accuracy the spectra of the complementary
DNA probe – RNA target from the spectra of the immobilized DNA probes alone, or the DNA
probes incubated with non-complementary RNA sequences. Linearity of response and limits of
sensitivity of the SERS-based assays were determined using a partial least squares (PLS)
regression model; detection limits computed by PLS was determined to be ~10 nM. The binding
affinity of the DNA probes to their complementary RNA sequences was confirmed using enzyme-
linked immunosorbent assay (ELISA); however, the detection limits observed using ELISA were
approximately 10× higher (~100 nM) than those determined by PLS analysis of the SERS spectra.

Introduction
Influenza A is a segmented, negative-strand RNA virus that circulates worldwide and infects
a wide range of species.1 Global, annual cases of seasonal influenza cause between 3–5
million severe illness and 250,000 to 500,000 deaths.2, 3 However, in certain years, highly
virulent influenza pandemics occur that have been responsible for approximately 50 million
deaths in 1918–1919, and 1 million deaths in 1956–1957.4 The most recent influenza
pandemic scare was caused in 1997 by a H5N1 highly pathogenic avian influenza virus
(HPAIV) originated in Hong Kong.5–7

Current work on HPAIV viruses aims to identify the factors responsible for the virulent
pathogenicity of these influenza virus infections.8–13 Recent studies suggest that specific
mutated proteins, including the proapoptotic PB1-F2 protein that is conserved among H5N1
HPAIV strains, may offer a mechanism for the observed increase in virulence, and as such
are considered as potential precursors for future influenza pandemics.14–18 PB1-F2 is an 87-
amino acid protein that has previously been correlated with increased pathogenicity in-
vivo.19 A single amino acid mutation at position 66 in the PB1-F2 sequence (N66S) is
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Supporting Information. 1) A schematic diagram illustrating the overall DNA immobilization, RNA binding, and detection strategy
(Figure S.1). 2) Detailed experimental methods for SERS substrate fabrication. 3) Detailed experimental methods for preparation and
immobilization of synthetic DNA probes and binding of RNA targets. 4) Tables of the observed SERS peaks, including band
assignments to particular vibrational modes, in the spectrum of the DNA and RNA samples (Table S.1).
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consistent among HPAIV strains, including the H5N1 (HK/97) and 1918 influenza virus
strains, and is a likely factor indicating increased virulence.14

Current routine laboratory diagnosis of influenza virulence factors relies entirely on genomic
sequencing and alignment.20, 21 Other common immunological approaches, such as the
conventional microarray techniques, have not yet been developed for analysis of HPAIV
virulence. As a result, there is a critical need for new, rapid approaches for the detection of
virulence factors in influenza.

This current report uses surface-enhanced Raman scattering (SERS) for the detection of
virulence factors common to highly pathogenic influenza. SERS is a signal amplification
technique based on electromagnetic enhancement resulting from localized surface
plasmons.22, 23 The advantage of sensing using the intrinsic SERS spectra without further
labeling is that Raman provides a unique chemically-specific molecular fingerprint, unlike
other label-free methods, which rely on a general signal response for the captured analyte.

Studies have shown that SERS possesses high sensitivity and specificity, reliable
quantification, and multiplexing ability for detection of oligonucleotide sequences.24–31 A
number of reports have demonstrated direct, label-free detection of DNA/RNA sequences
using SERS.32–37 In these studies, the intrinsic SERS spectra were demonstrated to be
statistically unique and sensitive to the hybridization of matched and mismatched target
sequences, including single nucleotide polymorphisms, molecular orientation and packing,
and conformational changes upon ligand binding.32, 36, 38–40

Our research laboratories have previously demonstrated the use of Ag nanorod arrays to
rapidly, sensitively, and quantitatively detect gene sequences using SERS.41–46 The current
work expands on our previous studies on influenza detection via SERS44, 46 and shows that
oligonucleotide-modified Ag nanorod arrays can be used for SERS-based profiling of RNA
expression, allowing identification of the genetic mutations in the PB1-F2 protein related to
influenza virulence and pandemic potential.

Experimental Methods
Material and Reagents

6-mercapto-1-hexanol (MCH) was purchased from Sigma-Aldrich (St. Louis, MO). All
other chemicals were of analytical grade and used without any further purification.

Preparation of Ag Nanorod SERS Substrates and Microwell Array Fabrication
Ag nanorod SERS-active substrates were fabricated using a custom-designed electron-beam/
sputtering evaporation system by an oblique-angle vapor deposition (OAD) technique
according to previously published procedures.47, 48 Full details on the nanofabrication,
cleaning, and patterning of the Ag nanorod arrays are provided in Supporting Information.

DNA Probes and Synthetic RNA Targets
All DNA probes and synthetic RNA target sequences were purchased from Integrated DNA
Technologies (IDT, Coralville, IA). From the analysis of the PB1-F2 protein sequence,
DNA probes were designed corresponding to the minimal mitochondrial targeting sequence
for both the high and the low virulence strains.14 The gene sequence targeted is comprised
of 11 amino acids in the position 60 to 70 of the PB1-F2 protein sequence. Tables 1 and 2
present the amino acid, RNA codon, complementary DNA and reverse DNA probe
sequences used in these experiments for both the low and high virulence genes, respectively.
Five thymine (T) bases were added at the beginning of each DNA probe sequence to provide
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more flexibility to the probe and promote hybridization of the complementary RNA target
sequences on the surface of the Ag nanorods.

The complementary RNA targets used for the ELISA experiments were modified with the
fluorescent label TAMRA™ (Azide) at the 5′ end of the RNA sequence. TAMRA™ has an
excitation wavelength of 546 nm and an emission wavelength of 579 nm.

Binding Buffer
The binding buffer used in the hybridization experiments was 20 mM Tris HCl, 15 mM
NaCl, 4 mM KCl, 1 mM MgCl2 and 1 mM CaCl2 in molecular biology grade water at pH
7.3 and stored at 4 °C. The buffer and working tools were DNase free.

Raman Spectroscopy
Raman measurements were performed using a confocal Raman microscope (InVia,
Renishaw, Inc., Gloucestershire, United Kingdom). Laser excitation was provided by a 785
nm near-infrared diode laser. The incident laser beam was delivered to the sample by epi-
illumination through a 20× (NA = 0.40) objective onto an automated sample stage. The laser
illumination spot produced by this system through this objective creates a rectangular
pattern of dimensions 4.8 × 27.8 μm. The laser power used was 0.1% (~0.42 mW), as
measured at the sample. SERS spectra were collected from five different spots within a
given microwell using a 30 s acquisition time with one accumulation. Spectra were collected
between 2000 and 500 cm−1.

Data Analysis
Off-line spectral manipulation and analysis, i.e., baseline correction, band height, and peak
frequency determination, were performed using GRAMS 32/AI Version 6.0 (Galactic
Industries Corporation, Nashua, NH). Multivariate statistical analysis of the samples,
including Hierarchical Cluster Analysis (HCA) and Partial Least Squares (PLS) regression
analysis, was performed with PLS Toolbox version 6.2 (Eigenvector Research Inc.,
Wenatchee, WA), operating in a MATLAB environment (R2012a, The Mathworks Inc.,
Natick, MA).

ELISA 96-Well Plate Functionalization and Measurements
Maleimide activated black 96-well plates were purchased from Thermo Scientific (Waltham,
MA). Prior to use, the plate wells were washed three times with the binding buffer. 100 μL
of thiolated DNA probes were then added to each well at a concentration of 10 μg/mL
(~1000 nM) in the binding buffer (pH 7.3) and incubated overnight at 4° C; the DNA
solution was then removed and the wells rinsed three times with binding buffer. 100 μL of
cysteine solution was added to each well at a concentration of 10 μg/mL in the binding
buffer and incubated for one hour at room temperature to inactivate excess maleimide
groups. After one hour, the cysteine solution was removed and the wells were rinsed three
times with the binding buffer. The fluorescent RNA target sequences were then added to
each well at varying concentrations (1000, 800, 600, 400, 200, 100, 50, 10, 1, and 0.1 nM) in
the binding buffer at 37°C for 2 hours. The RNA solution was removed and each well was
rinsed three times with the binding buffer prior to measurements.

Fluorescent measurements were performed using a POLARstar OPTIMA multidetection
microplate reader (BMG Labtech, Ortenberg, Germany). Excitation was accomplished at
544 nm and detection of the emitted fluorescent signal was recorded at 590 nm. The
instrument gain was set to 95% for the wells containing the highest concentration of
complementary RNA (1000 nM) and 5% for the blank wells, i.e. DNA probes incubated
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with the binding buffer only. Each plate was read twice by the instrument; the results
presented in this report are averages of 4 plates for a total of 8 measurements.

Results and Discussion
Experimental Design

The thiolated DNA probes were immobilized on the surface of the Ag nanorod microwells
for 6 hours by self-assembly to form oligonucleotide monolayers.49 This immobilization
step was followed by addition of the spacer molecule, 6-mercapto-1-hexanol (MCH)
molecule for 6 hours at a concentration of 100 nM.50 The oligonucleotide-modified
microwells were then incubated with the RNA target sequences. Full details of these
experimental procedures used for immobilization and hybridization are provided in
Supporting Information, as well as Figure S.1 outlining the various steps of the experimental
design.

SERS Spectra of the DNA Probes
Figures 1A (top left) and 1B (top right) show raw, unprocessed SERS spectra of the high
and low virulence DNA probe-spacer complexes, respectively. In order to ensure
reproducibility of results, 10 spectra were collected in two different wells (5 spectra in each
well) and on two different Ag nanorod substrates for a total of 20 spectra for each DNA
sequence. Figures 1A and 1B show a high degree of spectral reproducibility and present
similar spectral features. The number and position of the bands in Figs. 1A and 1B are in
agreement with those of previous studies of thiolated DNA bound to Au surfaces.51, 52

These spectra are also in close agreement with previous studies from our laboratory of DNA
aptamers bound to Ag nanorod surfaces.44, 46

The dominant features present in the spectra shown in Figs. 1A and 1B are the bands
assigned to the backbone phosphate stretching mode of nucleic acids (1089 cm−1) and the
mixed in-plane ring skeleton stretching vibration (1332 cm−1).33, 53 Prominent nucleic acid
vibrations include the bands at 731 and 1454 cm−1 (ring stretching modes of A),52, 54 1275
cm−1 (ring stretching and C-H bending of T),55 1496 cm−1 (C8=N7 vibration of the G
ring),53 1023 cm−1 (the amino group vibration of C),54 and 1045 cm−1 (asymmetric out-of-
plane deformation of NH2 in C).52 Additional prominent vibrations of nucleic acid bases
appear in these spectra, for example, the 793 cm−1 combined ring breathing mode of C and
T,51 and the band at 623 cm−1 attributed to the ring bending mode of A and the ring
breathing mode of G.55 A complete table of the observed SERS bands in the spectra of the
high and low virulence DNA probe-spacer complexes shown in Figs. 1A and 1B, with their
literature assignments, is provided in Table S.1 in Supporting Information.

Cluster Analysis of the DNA Probe Spectra
Multivariate statistical analysis was used to establish statistically significant differences
between the SERS spectra shown in Fig. 1. Figure 1C (bottom) illustrates the hierarchical
cluster analysis (HCA) dendrogram based on the 40 SERS spectra shown in Figs. 1A and
1B. The oligonucleotide spectra were clustered based on Ward’s linkage method for
minimizing variance.56 The vertical bars in the dendrogram specify which samples and
classes are linked, while the horizontal bars represent the distance between the linked
classes. The dendrogram shown in Fig. 1C reveals two distinct clusters. The green cluster
(A) corresponds to the 20 SERS spectra of the high virulence probe complex shown in Fig.
1A, while the red cluster (B) corresponds to the 20 SERS spectra of the low virulence DNA
probe complex shown in Fig. 1B. The results from this dendrogram provide evidence that
HCA can differentiate with 100% accuracy the subtle differences in the SERS spectra of two
DNA probes that differ only by a single base pair polymorphism.
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SERS Spectra of the DNA Probes-RNA Target Hybrids
Figure 2A shows three panels of SERS spectra of the high virulence DNA. Figure 2A (i) is
the spectra of the probe-spacer complex alone; Fig. 2A (ii) is the spectra of the probe-spacer
complex incubated with the complementary high virulence synthetic RNA target sequence;
Fig. 2A (iii) is the spectra of the probe-spacer complex incubated with a non-complementary
low virulence synthetic RNA sequence. The SERS spectra of the DNA probes before
hybridization, i.e. Fig. 2A (i), resemble those of the DNA probe-RNA target complexes after
hybridization, i.e. Fig. 2A (ii) and (iii). Subtle spectral changes are seen in Fig. 2A (ii) upon
full hybridization of the DNA probe sequences to the synthetic RNA target sequence due to
sequence complementarity. In addition, incubation of the DNA probes with the non-
complementary RNA sequence in Fig. 2A (iii) results in minor spectral changes due to
mismatched hybridization. Overall, we observe a distinct SERS signature for DNA probe-
RNA target hybrids when compared to the DNA probes alone, as we have previously
observed with DNA aptamers.44, 46

Figure 2B presents three panels of the SERS spectra of the low virulence DNA. Figure 2B
(i) is the spectra of the probe-spacer complex alone; Fig. 2B (ii) is the spectra of the probe-
spacer complex incubated with the complementary low virulence synthetic RNA target
sequence; Fig. 2B (iii) is the spectra of the probe-spacer complex incubated with a non-
complementary low virulence synthetic RNA sequence. The SERS spectra of the low
virulence DNA probes before hybridization, i.e. Fig. 2B (i), closely resemble those of the
DNA probe-RNA target complexes after hybridization, i.e. Fig. 2B (ii) and (iii). The
interpretation of the SERS spectra of the low virulence complexes shown in Fig. 2B follows
directly from the discussion of the high virulence spectra presented in Fig. 2A. The high
spectral similarity observed among the high and low virulence spectra in Figs. 2A and 2B
requires the use of multivariate statistical methods to detect minor spectral differences
among the SERS spectra and allow differentiation based on their intrinsic SERS signatures.

Cluster Analysis of DNA Probe-Synthetic RNA Target Complex Spectra
Figure 3 presents the HCA dendrogram generated using Ward’s algorithm and computed
from the SERS spectra of the DNA probe-synthetic RNA target complexes shown in Fig. 2.
One hundred and twenty spectra, corresponding to 20 spectra for each of the six sample
categories described above, and seen in Fig. 2, were used to generate this dendrogram.
Figure 3 illustrates that the SERS spectra of the low and high virulence DNA probes, along
with their complementary and non-complementary targets, completely separate into six
distinct clusters. The A and B clusters resulted from the spectra of the high (A) and low (B)
virulence DNA probe complexes, respectively, i.e. Figs. 2A (i) and 2B (i). The C and D
clusters represent the spectra of the high (C) and low (D) virulence DNA probes incubated
with their complementary RNA target sequences, and correspond to the spectra presented in
Fig. 2A (ii) and Fig. 2B (ii), respectively. The E and F clusters represent the spectra of the
high (E) and low (F) virulence DNA probes incubated with their non-complementary RNA
target sequences, and correspond to the spectra presented in Fig. 2A (iii) and Fig. 2B (iii),
respectively.

The results in Fig. 3 demonstrate that HCA classified each of the six separate groups of
SERS spectra into its own cluster with 100% accuracy, showing the robustness of HCA
classification in this case for differentiating highly similar SERS spectra. Interestingly, the
six lowest level clusters combine to form two distinct higher order clusters. The DNA probe
complexes alone (clusters A and B) form a single higher order cluster, while the DNA-RNA
hybrids (complementary clusters C and D, and non-complementary clusters E and F) form
their own higher order cluster. These results demonstrate that cluster analysis is able to
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distinguish the small but real spectral differences between the high and low virulence DNA
probes alone and in comparison with their DNA-RNA probe-target complexes.

Sensitivity and Limit of Detection of Synthetic RNA Target Sequences Binding to
Complementary DNA Probes

We investigated the sensitivity of the assay by incubating the oligonucleotide-modified
SERS substrates with varying concentrations of complementary RNA target sequences.
Following immobilization of the DNA probe-spacer complex on the surface of the Ag
nanorods, incubation of the complementary RNA sequences was accomplished as described
in the Experimental Methods section. Twenty SERS spectra were acquired from each of
eight serial dilutions (1000 nM to 1 pM) of complementary RNA. These spectra were
analyzed using a partial least squares (PLS) regression model to determine linearity of
response and limits of sensitivity for the SERS-based hybridization assay.57

Figure 4 shows the PLS regression plots for both the high virulence (Fig. 4A) and the low
virulence (Fig. 4B) assays, respectively. Each plot was generated using a total of 160
spectra, i.e., 20 for each the 8 target RNA concentrations. The PLS regression plots reveal
the correlation between the predicted complimentary RNA concentration for cross-validated
samples versus the true measured concentration based on the intrinsic SERS spectra of the
DNA-RNA complexes. Figure 4 shows that the PLS model has a linear relationship for
detection of synthetic RNA target sequences binding to their complementary DNA probes
for concentrations ≥10 nM of complementary RNA in both the high and low virulence
assays. The PLS model deviates from the predicted regression line at concentrations lower
than 10 nM, meaning that the regression model can no longer quantify hybridization of the
DNA probes for concentrations of complementary RNA target sequences lower than this
value. This observation is consistent for both the high virulence (Fig. 4A) and the low
virulence (Fig. 4B) assays.

Detection of Fluorescently Tagged RNA Target Sequences Binding to DNA Probes by
ELISA

Enzyme-linked immunosorbent assay (ELISA) was used to confirm the binding of the RNA
target sequences to the immobilized DNA probes. ELISA has previously been used to
determine the binding affinity and specificity of influenza virus targets.58 Both high and low
virulence thiolated DNA probes were immobilized on the surface of the maleimide activated
black 96-well plates via formation of stable thioether bonds. Following functionalization of
the plate wells, the fluorescently labeled synthetic RNA target sequences corresponding to
the minimal mitochondrial targeting sequence of the PB1-F2 protein with and without the
mutation at position 66 were added to the oligonucleotide-modified wells at 37°C for 2
hours at various concentrations. The plate wells were then rinsed with copious amount of the
binding buffer and read on a microplate reader. Full details on the DNA probes
immobilization, RNA target sequences incubation, and fluorescent measurements are
provided in Experimental Methods.

Figure 5 shows the plots of the fluorescent intensity for the high (Fig. 5A) and low (Fig. 5B)
virulence assays recorded on the 96-well plates as a function of RNA concentration. Both
high and low virulence DNA-RNA complexes display a steady, quasi-linear increase in
fluorescent intensity over the 10–1000 nM concentration range of complementary RNA
target sequences (black symbols and line). In contrast, the fluorescent intensity increases
only incrementally when the oligonucleotide-modified wells are incubated with non-
complementary RNA sequences that differ only by a single base pair polymorphism (red
symbols and line). The fluorescent intensity for non-complementary RNA sequences
remains at a baseline level even for high concentration of non-complementary RNA,
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suggesting that binding of DNA probes to RNA sequences has a high affinity only for
complementary sequences.

These ELISA results confirm the SERS evidence that hybridization of DNA probes to
complementary synthetically labeled RNA target sequences can be spectroscopically
detected even with a single base pair mismatch. The detection limit of the ELISA assay can
be determined by subtracting the baseline level of the non-complementary RNA signal from
the fluorescent signal generated by each of the complementary RNA concentration. The
lowest complementary RNA concentration for which the intensity value is positive after
subtraction is 100 nM, meaning that binding of complementary RNA targets to DNA probes
can no longer be detected by ELISA below this concentration. The plots shown in Figure 5
support this statement for both the high and low virulence assays. A comparison of Figs. 4
and 5 shows that the ELISA detection limit (100 nM) is approximately an order of
magnitude greater than that obtained via PLS regression of the SERS spectra (10 nM).

Conclusion
The report describes a sensitive SERS-based assay consisting of an array of DNA
oligonucleotides immobilized on the surface of a Ag nanorod substrate. These 5′-thiol-
modified ssDNA sequences are employed as probes to capture complementary RNA target
sequences corresponding to a segment of the PB1-F2 gene coding for the N66S mutation
that has been linked to increased virulence influenza. The intrinsic SERS spectra of the
immobilized DNA probes (Fig. 1) are reproducible and distinguishable from that of the
spectra of the DNA-RNA hybrids (Fig. 2), demonstrating that SERS provides a non-
amplified, label-free optical method to detect hybridization in this system. Multivariate
statistical analysis using hierarchical cluster analysis (HCA) was used to differentiate: i) the
spectra of the high and low virulence probes from one another (Fig. 1), ii) the spectra of the
complementary high and low virulence DNA-RNA target hybrids from one another (Fig. 3),
and iii) the spectra of the non-complementary high and low virulence DNA-RNA target
hybrids from one another (Fig. 3).

In another set of experiments, both high and low virulence DNA probes were immobilized
onto the Ag nanorod surface. A series of eight serial dilutions (1000 nM to 1 pM) were
prepared of the complementary RNA for each DNA probe. A partial least squares (PLS)
regression model was used for analysis of the resulting SERS spectra as a function of target
RNA sequence concentration (Fig. 4). The PLS model predicted linearity of spectral
response for RNA target sequence concentrations ≥10 nM of the synthetic to their
immobilized DNA probes. The affinity of binding between the DNA probes to their
complementary RNA sequences was confirmed using enzyme-linked immunosorbent assay
(ELISA, Fig. 5). ELISA supported the PLS results and confirmed the evidence that DNA
probes preferentially hybridize to their complementary RNA target sequences. The limit of
detection for binding of these DNA-RNA hybrids, as determined using the ELISA assay,
was found to be 100 nM. Therefore, the SERS-based assay described here is more sensitive
than the ELISA standard by an order of magnitude.

The results of these studies indicate that SERS-based methods provide a new tool to
accurately detect genetic markers related to virulence potential for early detection of
influenza A viruses. This novel technology could potentially lead to the rapid identification
of diagnostic indicators of disease severity and facilitate rapid implementation of disease
intervention strategies. Future work will aim at extending the feasibility of this diagnostic
strategy and directly test the validity of this assay for viral RNA samples extracted from
clinical isolates of recombinant H5N1 influenza strains with and without the PB1-F2 gene
mutation.
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Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
SERS spectra of: (A) high virulence DNA probe (1000 nM) with 6-mercapto-1-hexanol
spacer (100 nM) on a Ag nanorod substrate, and (B) low virulence DNA probe-spacer
complex. (C) Dendrogram produced by hierarchical cluster analysis (HCA) of the SERS
spectra shown in panels A and B and label-coded as follows: (A) high virulence DNA probe
calculated from spectra in panel A, and (B) low virulence DNA probe calculated from
spectra in panel B. Panels A and B show 20 individual SERS spectra collected using
multiple wells and multiple substrates; spectra are presented without any processing.
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Figure 2.
(A) SERS spectra of: (i) high virulence DNA probe, (ii) DNA probe incubated with the
complementary high virulence synthetic RNA target sequence, and (iii) DNA probe
incubated with non-complementary low virulence synthetic RNA sequence. (B) SERS
spectra of: (i) low virulence DNA probe (ii) DNA probe incubated with complementary low
virulence synthetic RNA target sequence, and (iii) DNA probe incubated with non-
complementary high virulence synthetic RNA sequence. Each plot shows 20 individual
SERS spectra collected using multiple wells and multiple substrates; spectra are presented
without any processing.
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Figure 3.
Dendrogram produced by hierarchical cluster analysis (HCA) of the SERS spectra shown in
Figure 2, and label-coded as follows: (A) high virulence DNA probe, (B) low virulence
DNA probe, (C) high virulence DNA probe with its complementary high virulence RNA
target, (D) low virulence DNA probe with its complementary low virulence RNA target, (E)
high virulence DNA probe with a non-complementary low virulence RNA target, and (F)
low virulence DNA probe with a non-complementary high virulence RNA target. A total of
120 spectra were used to generate this dendrogram, corresponding to 20 spectra in each of
the 6 DNA probe-RNA sample categories.
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Figure 4.
PLS regression analysis based on SERS spectra of serial dilutions of complementary RNA
target sequence for (A) high and (B) low virulence assays, respectively. Measured values
along abscissa axis correspond to serial 10-fold dilutions of complementary RNA target
sequences from 1000 nM to 1 pM incubated with the DNA probe-spacer complex at 37°C
for 2 hours. Green line indicates a theoretical perfect regression correlation index (R2 = 1)
for all concentrations. Red line indicates a “best fit” line drawn through the actual measured
RNA concentrations.
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Figure 5.
ELISA fluorescent intensity recorded from oligonucleotide-modified 96-well plates
incubated with the complementary and non-complementary fluorescent RNA target
sequences at 37°C for 2 hours for the high (A) and low (B) virulence assays. Each data point
is an average of 8 measurements recorded on four different plates. Error bars represent the
standard deviation.
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Table 1

Amino acid, RNA codon, complementary DNA and reverse DNA probe sequences used to construct samples
for low virulence influenza.

Low Virulence PB1-F2 Sequence (Position 60–70)

Amino Acid Q W L S L K S P T Q D

RNA Codon 5′-CAA UGG CUU UCC UUG AAG A G U CCC ACC CAG GAC-3′

Complementary DNA 3′-GTT ACC GAA AGG AAC TTC T C A GGG TGG GTC CTG-5′

Reverse DNA Probe 5′-GTC CTG GGT GGG A C T CTT CAA GAA AAG CCA TTG-3′

Thiolated DNA Probe 5′-/5ThioMC6-D/ TTTTT GTC CTG GGT GGG A C T CTT CAA GAA AAG CCA TTG-3′

Complementary RNA Target 3′-CAG GAC CCA CCC U G A GAA GUU CCU UUC GGU AAC-5′
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Table 2

Amino acid, RNA codon, complementary DNA and reverse DNA probe sequences used to construct samples
for high virulence influenza.

High Virulence PB1-F2 Sequence (Position 60–70)

Amino Acid Q W L S L K N P T Q D

RNA Codon 5′-CAA UGG CUU UCC UUG AAG A A U CCC ACC CAG GAC-3′

Complementary DNA 3′-GTT ACC GAA AGG AAC TTC T T A GGG TGG GTC CTG-5′

Reverse DNA Probe 5′-GTC CTG GGT GGG A T T CTT CAA GAA AAG CCA TTG-3′

Thiolated DNA Probe 5′-/5ThioMC6-D/ TTTTT GTC CTG GGT GGG A T T CTT CAA GAA AAG CCA TTG-3′

Complementary RNA Target 3′-CAG GAC CCA CCC U A A GAA GUU CCU UUC GGU AAC-5′
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