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Sepsis continues to be a common source of morbidity
and mortality in critically ill patients. Single nucleo-
tide polymorphisms (SNPs) present in genes encod-
ing inflammatory mediators have been associated
with predisposition and outcome in this syndrome.
The use of high throughput SNP analysis in large
epidemiological studies is necessary to more fully un-
derstand the genetic underpinnings of this disease. We
adapted template-directed dye-terminator incorpora-
tion with fluorescence polarization detection (TDI-FP)
to the analysis of eight SNPs implicated in mediating the
sepsis syndrome: TNF-� (�308), TNF-� (�238), TNF-�
(�250), IL-1� (�3953), IL-6 (�174), IL-10 (�592), plas-
minogen activator inhibitor-1 (PAI-1 (�675)), and TLR4
299 (�1032). Optimization of PCR, amplicon purifica-
tion, and template-directed dye-terminator incorpora-
tion reactions were necessary to achieve acceptable per-
formance characteristics for these assays. Sequence
validated samples served as controls. Using this method
we were able to assign genotype in 99.3% of assays and
identified 64 unique genotypes in samples obtained
from 90 individuals. TDI-FP is a flexible and robust
method of SNP detection that can be optimized in a
systematic fashion. This method has potential advan-
tages compared with other high throughput genotyping
techniques and appears well suited to clinical situations
requiring analysis of large numbers of samples. (J Mol
Diagn 2002, 4:209–215)

Despite advances in supportive care, the sepsis syn-
drome—a systemic response to invasive infection and
trauma—continues to be a leading cause of resource
expenditure, organ failure, and death.1 Animal and hu-
man research suggest that the sepsis syndrome results
from excessive inflammation.2 Numerous clinical trials
have examined the therapeutic potential of inhibiting spe-

cific inflammatory mediators, such as TNF-�, IL-1, and
IL-6, in patients with sepsis.3–5 Overall, these anti-cyto-
kine therapies were found to lack efficacy.3–5 Therapies
that inhibit inflammation may be of greater benefit if more
specifically targeted to patient populations at high risk of
death.4–8 Accordingly, recent investigations have fo-
cused on efforts to better understand the mechanisms
that control the inflammatory response in sepsis, and to
develop refined means of identifying patients predis-
posed to severe disease.

Like many illnesses, the sepsis syndrome appears to
have a genetic component.9–11 Single nucleotide poly-
morphisms (SNPs) present in the promotor region of
TNF-�, a pivotal mediator of the sepsis response, have
been associated with increased lethality in this syn-
drome.12–14 Likewise, SNPs present in other cytokine
genes have been linked to clinical outcome in many
infectious and inflammatory conditions.15–20 The com-
plexity of the inflammatory response coupled with the
large number of clinical factors that may influence out-
come in sepsis require that genetic analysis be con-
ducted in a large, diverse population of septic patients to
more fully characterize the genetic contribution to this
illness. The Genetic Predisposition to Severe Sepsis
(GenPSS) study is a National Institutes of General Medi-
cal Sciences (NIGMS)-supported multi-institutional, epi-
demiological study with the goal of performing SNP anal-
ysis of functional variants in inflammatory cytokine genes
in several thousand patients with sepsis. To date, no
genetic epidemiological study of this scope has been
undertaken in patients with this disease.

Our first task in conducting the GenPSS study has
been to adapt template-directed dye-terminator incorpo-
ration with fluorescent polarization-detection (TDI-FP), a
high throughput genotyping method, to detection of
SNPs present in genes encoding sepsis mediators.21 In
this single base extension technique, an oligonucleotide
probe is designed to anneal immediately 5� to a SNP of
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interest in PCR-amplified product. In the presence of
DNA polymerase and fluorescently labeled dideoxyribo-
nucleoside triphosphates (ddNTPs), the probe is ex-
tended by a single base. The specific ddNTP incorpo-
rated is dictated by the polymorphic site in the target
DNA sequence and results in termination of the extension
reaction. Fluorescence polarization (FP), the property
that fluorescent molecules emit polarized fluorescent light
when excited by plane-polarized light, is used to identify the
ddNTP incorporated and assign genotype.22 Because the
FP of a solution reflects the summation of the FP of all
individual species present in that solution, optimal genotype
discrimination by TDI-FP occurs when conditions have
been optimized resulting in the template-directed incorpo-
ration reaction being driven to completion.22

We describe our experience with TDI-FP as well as the
steps in PCR amplification, amplicon purification, and TDI
necessary to optimize reaction conditions. While this
method has been previously described in the context of
small pilot studies, the feasibility of adapting this tech-
nique for use in large-scale epidemiological investiga-
tions has not been previously reported.22 Our findings
suggest that TDI-FP is a robust method of high through-
put SNP detection that is potentially adaptable to a large
number of clinical settings.

Materials and Methods

Patients

While the goal of the GenPSS is to perform SNP analysis
on samples derived from patients with sepsis as defined
by standard criteria,23 we adapted TDI-FP methodology
using anonymized archived DNA specimens purified
from whole blood by standard salt precipitation tech-
nique (Puregene DNA isolation kit, Gentra Systems, Inc.,
Minneapolis, MN).24 The GenPSS study has been ap-

proved by the Human Studies Committee of Washington
University School of Medicine (IRB no. 00–0358).

PCR

We developed assays for eight SNPs present in inflam-
matory cytokine genes implicated as mediators of the
sepsis response. These include two SNPs present in the
promotor region of TNF-� (TNF-� (�308) and TNF-�
(�238)), SNPs present in the first intron of TNF-� (TNF-
�(�250)), exon 5 of IL-1� (IL-1 (�3953)), in the promotor
regions of IL-6 (IL-6 (�174)), IL-10 (IL-10 (�592)), and
plasminogen activator inhibitor-1 (PAI-1 (�675)), and at
codon 299 in toll-like receptor 4 (TLR4299
(�1032).17,20,25–28 Genomic DNA (5 to 10 ng) was am-
plified in a mixture containing 2.5 �l TaqPCR Master Mix
(Qiagen, Valencia, CA), 0.05 �l 50 mmol/L mixture of
forward and reverse primer (Genosys, Sigma, St. Louis,
MO), 0.45 �l water, according to the conditions indicated
in Table 1. To optimize the TDI-FP technique, PCR prim-
ers and conditions were selected to generate a relatively
pure PCR product of 400 bp or smaller. All reactions were
performed in 96-well, black-skirted reaction plates (MJ
Research, Waltham, MA) using a Tetrad thermal cycler
(MJ Research).

Amplicon Purification

To eliminate single-stranded oligonucleotides and unin-
corporated dNTPs which may lessen the specificity of the
TDI-FP reaction, E. coli exonuclease I (USB, Cleveland,
OH) (0.1 �l), shrimp alkaline phosphatase (Roche Molec-
ular Biochemicals, Indianapolis, IN) (1.0 �l), 10X SAP
reaction buffer (0.2 �l), and water (0.7 �l) were added to
the total volume of PCR product (5 �l) and incubated at

Table 1. PCR Primers, Product Sizes, and Conditions

Loci Primers†
PCR product

size PCR conditions‡

TNF-� (�308) CTCAGGACTCAACACAGCTT (F) (�490) 383 bp 95°C, 5 min; 37 cycles of (95°C, 30 sec,
TCTGGAGGAAGCGGTAGTGG (R) (�107) 60°C, 30 sec, 72°C, 45 sec), 72°C, 5 min

TNF-� (�238) GTTCAGCCTCCAGGGTCCTACACA (F) (�300) 131 bp 95°C, 5 min; 35 cycles of (95°C, 30 sec,
GGGATTTGGAAAGTTGGGGACACA (R) (�171) 69°C, 30 sec, 72°C, 45 sec), 72°C, 5 min

TNF-� (�250) TTCCTTCTCTGTCTCTGACT (F) (�178) 168 bp 95°C, 5 min; 37 cycles of (95°C, 30 sec,
AGAGAGATCGACAGAGAAGG (R) (�345) 60°C, 30 sec, 72°C, 45 sec), 72°C, 5 min

IL-1� (�3953) GTTGTCATCAGACTTTGACC (F) (�3888) 131 bp 95°C, 5 min; 37 cycles of (95°C, 30 sec,
TTCAGTTCATATGGACCAGA (R) (�4018) 60°C, 30 sec, 72°C, 45 sec), 72°C, 5 min

IL-6 (�174) TTGTCAAGACATGCCAAAGTG (F) (�305) 244 bp 95°C, 5 min; 37 cycles of (95°C, 30 sec,
TCAGACATCTCCAGTCCTATA (R) (�7) 60°C, 30 sec, 72°C, 45 sec), 72°C, 5 min

IL-10 (�592) GGACAGCTGAAGAGGTGGAA (F) (�680) 121 bp 95°C � 5 min; 37 cycles of (95°C, 30 sec,
GGCAGTCACCTTAGGTCTCT (R) (�469) 60°C, 30 sec, 72°C, 45 sec), 72°C, 5 min

PAI-1 (�675)* GGTTGTTGACACAGAGAGCC (F) (�734) 168 bp 95°C, 5 min; 37 cycles of (95°C, 30 sec,
GCCACGTGATTGTCTAGGTT (R) (�565) 60°C, 30 sec, 72°C, 45 sec), 72°C � 5 min

TLR4299 (�1032) GTATTCAAGCTCTGGCTGGT (F) (�901) 224 bp 95°C, 5 min; 36 cycles of (95°C, 30 sec,
CAATAGTCACACTCACCAGG (R) (�1125) 56°C, 30 sec, 72°C, 65 sec), 72°C, 5 min

*Insertion deletion polymorphism.
†Primers are listed in a 5�-3� orientation (F, forward primer; R, reverse primer). The numbers in parentheses refer to the position of the 5� terminus

relative to the SNP of interest.
‡Following amplification, PCR products were stored at 4°C.
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37°C for 40 minutes, followed by 80°C for 15 minutes for
enzyme inactivation.

Template-Directed Dye-Terminator
Incorporation Reaction

For TNF-� (�308), TNF-� (�238), TNF-� (�250), IL-1
(�3953), IL-10 (�592), PAI-1 (�675), and TLR4 299
(�1032), the digested PCR product was combined with
0.05 �l acyclopol, 2.0 �l 10X reaction buffer, 1.0 �l of the
specific dye terminator combination (Perkin Elmer Life
Sciences, Inc, Boston, MA), 0.5 �l 10 �mol/L oligonucle-
otide probe (Genosys, Sigma, The Woodlands, TX), and
9.45 �l water. For IL-6 (�174), the reaction mixture con-
tained 0.025 �l acyclopol, 2.0 �l 10X reaction buffer, 0.5
�l of the specific dye terminator combination, 0.25 �l 10
mmol/L oligonucleotide probe, and 4.225 �l water. For all
assays, the final reaction volume was 20 �l. The reaction
mixtures were then incubated according to the conditions
specified in Table 2. Annealing temperatures were se-
lected to be approximately 10°C below the Tm of the
oligonucleotide probe.29

Fluorescence Polarization Determination

Fluorescent polarization (FP) values were directly mea-
sured using an Analyst fluorescence reader (Molecular
Devices, Sunnyvale, CA) with excitation and emission
wavelengths of 580 nm and 605 nm for R110, and 552 nm
and 575 nm for TAMARA, respectively. For IL-6 (�174),
0.1 �l single-stranded DNA binding protein (USB, Cleve-
land, OH), 0.2 �l 10X SAP reaction buffer, and 0.7 �l
water was added to the TDI reaction product and incu-
bated at 37°C for 60 minutes before FP determination. For
the remainder of the SNPs analyzed, FP was determined
immediately following the TDI reaction.

Between reaction steps (eg, PCR, amplicon purifica-
tion, TDI amplification, and incubation with single-

stranded DNA binding protein), reaction plates were ther-
mally sealed (Abgene Thermal Sealer, Surrey, UK) to
minimize evaporative loss and cross contamination, and
pulse centrifuged.

Allele Assignment and Statistical Analysis

Allele assignment was made using standard software
(Perkin Elmer Life Sciences, Inc at http://lifesciences.
perkinelmer.com/products/snp.asp). Statistical analysis
of FP values was performed using standard techniques
(analysis of variance, t-test as appropriate) and software
(GraphPad Prism, San Diego, CA). Samples that were
indeterminate following the first analysis were re-ana-
lyzed using identical methodology. Samples were con-
sidered of indeterminate genotype if allele assignment
could not be made after two repetitions of TDI-FP meth-
odology. To confirm the accuracy of our approach, se-
quence-verified controls for each genotype were in-
cluded in each TDI-FP assay.

Results

Graphical Analysis

Plots of TDI-FP assays for all loci tested are presented in
Figure 1. The scatter plot for TNF-� (�308) (Figure 1A)
demonstrates a typical pattern with the data segregated
into four distinct groups. Negative controls, which lack
DNA, have low FP values (measured as millipolarization
(mP), a dimensionless unit) for both fluorophores ana-
lyzed (eg, R110 and TAMARA) and are situated near the
origin of the plot (in the left graph lower quadrant). Sam-
ples homozygous for the G allele have elevated FP values
for R110, consistent with incorporation of this fluorophore,
but low values for TAMARA. These samples cluster in the
right lower graph quadrant. Conversely, samples that are
homozygous for the A allele have elevated FP values for

Table 2. TDI-FP Oligonucleotide Probes, Dye-Terminator Combinations, and Reaction Conditions

Loci
Base

change TDI-FP probes†
Dye

terminator TDI-FP reaction conditions‡

TNF-� (�308) G 3 A GAGGCAATAGGTTTTGAGGGGCATG (�333) (F) G/A 95°C, 120 sec, 30 cycles of
(94°C, 15 sec, 61°C, 30 sec)

TNF-� (�238) G 3 A GGCCCAGAAGACCCCCCTCGGAATC (�263) (F) G/A 95°C, 120 sec, 30 cycles of
(94°C, 15 sec, 69°C, 30 sec)

TNF-� (�250) A 3 G TGTCACACATTCTCTGTTTCTGCCATG (�250) (F) G/A 95°C, 120 sec, 30 cycles of
(94°C, 15 sec, 61°C, 30 sec)

IL-1� (�3953) C 3 T TGCTCCACATTTCAGAACCTATCTTCTT (�3925) (F) C/T 95°C, 120 sec, 30 cycles of
(94°C, 15 sec, 58°C, 30 sec)

IL-6 (�174) G 3 C TTTTCCCCCTAGTTGTGTCTTGC (�197) (F) G/C 95°C, 120 sec, 30 cycles of
(94°C, 15 sec, 58°C, 30 sec)

IL-10 (�592) C 3 A TTTCCAGAGACTGGCTTCCTACAG (�593) (R) G/T 95°C, 120 sec, 30 cycles of
(94°C, 15 sec, 52°C, 30 sec)

PAI-1 (�675)* 4G/5G* CAGAGACACTCTGGACACGTGGGG (�703) (F) G/A 95°C, 120 sec, 30 cycles of
(94°C, 15 sec, 63°C, 30 sec)

TLR4299 (�1032) A 3 G GATTAGCATACTTAGACTACTACCTCGATG (�1032) (F) G/A 95°C, 120 sec, 30 cycles of
(94°C, 15 sec, 53°C, 30 sec)

*Insertion deletion polymorphism.
†Probes are listed in 5�-3� orientation (F, forward primer; R, reverse primer). The numbers refer to the position of the 5� terminus relative to the SNP

of interest.
‡All reaction products are stored at 4°C.

High Throughput SNP Detection in Sepsis 211
JMD November 2002, Vol. 4, No. 4



Figure 1. Scatter plots for each SNP are shown in panels A-H. Blue squares represent homozygotes detected by TAMARA-dye, yellow triangles represent
homozygotes detected by R110 dye, red diamonds represent heterozygotes detected by incorporation of both TAMARA and R110, green circles represent
indeterminate samples, and “� ” represents negative controls. (Refer to Results for details.)
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TAMARA, consistent with its incorporation, but low FP
values for R110. These samples cluster in the left upper
graph quadrant. For heterozygous samples, both R110
and TAMARA are incorporated, resulting in clustering of
samples in the right upper graph quadrant. Samples that
plotted outside these clusters were considered of inde-
terminate genotype.

FP Analysis

FP values for R110 and TAMARA are presented in Table
3. While the FP values measured for R110 differed sig-
nificantly comparing genotypes (P � 0.0001 for all, anal-
ysis of variance), the magnitude of the difference in FP
values comparing W/W and W/w genotypes for TNF-�
(�238) is small. These genotypes are easily distin-
guished on the basis of TAMARA uptake. Likewise, for
TAMARA, with the exception of TLR4 299 (�1032), FP
values differed significantly comparing genotypes (P �
0.0001 for all, analysis of variance). The FP values for
TLR4 299 (�1032) comparing wild-type and heterozy-
gote individuals, did not differ significantly (P � 0.25).
However, these genotypes were easily discriminated on
the basis of R110 incorporation (Figure 1H).

Indeterminate Genotypes

The proportion of samples that were of indeterminate geno-
type following initial assay for each SNP are as follows:

TNF-�(�308)�13/90 (14.4%), TNF-�(�238)�7/90 (7.8%),
TNF-� (�250)�6/90 (6.7%), IL-1 (�3953)�11/90 (12.2%),
IL-6(�174)�10/90 (11.1%), IL-10 (�592)�16/90 (17.7%),
PAI-1 (�675)�9/90 (10.0%), and TLR4299 (�1032)�2/90
(2.2%). After these indeterminate samples were re-assayed
using identical technique, we were able to assign genotype
in 99.3% of the samples and determine 64 unique geno-
types. Allele frequencies are presented in Table 4.

Discussion

We selected TDI-FP for our study because we sought a
high throughput method of SNP detection that is flexible,
simple to optimize, and robust. Using this technique, we

Table 3A. Mean (� SEM) FP Values for R110 Incorporation for Each Genotype

Loci

Genotype*

P-value†W/W W/w w/w

TNF-� (�308) 70.7 (� 0.7) 57.0 (� 1.7) 1.3 (� 0.8) P � 0.0001
TNF-� (�238)‡ 87.9 (� 0.6) 79.1 (� 2.0) N/A P � 0.0001
TNF-� (� 250) 15.5 (� 1.4) 105.8 (� 1.3) 117.0 (� 2.6) P � 0.0001
IL-1 (�3953) 142.3 (� 0.7) 122.9 (� 1.7) 5.5 (� 1.6) P � 0.0001
IL-6 (�174) 100.0 (� 1.7) 58.0 (� 1.4) 7.3 (� 1.4) P � 0.0001
IL-10 (�592) 80.9 (� 0.8) 52.3 (� 1.4) 1.5 (� 4.2) P � 0.0001
PAI-1 (�675) 15.5 (� 2.1) 109.8 (� 0.7) 120.6 (� 1.5) P � 0.0001
TLR4299 13.2 (� 0.8) 111.0 (� 5.3) N/A P � 0.0001

*W denotes the more frequent genotype, w denotes the variant genotype (SNP).
†P-value (ANOVA) comparing genotypes.
‡While these results are statistically different, W/W and W/w genotypes are more readily distinguished on the basis of differences in TAMARA

incoporation.

Table 3B. Mean (� SEM) FP Values for TAMARA Incorporation for Each Genotype

Loci

Genotype*

P-value†W/W W/w w/w

TNF-� (�308) 68.6 (� 1.9) 210.0 (� 1.6) 214.3 (� 4.8) P � 0.0001
TNF-� (�238) 48.8 (� 1.8) 212.1 (� 3.6) N/A P � 0.0001
TNF-� (�250) 206.2 (� 0.97) 201.9 (� 1.4) 25.7 (� 2.0) P � 0.0001
IL-1 (�3953) 42.7 (� 2.2) 195.0 (� 1.4) 214.8 (� 2.2) P � 0.0001
IL-6 (�174) 61.6 (� 1.8) 175.9 (� 3.7) 260.5 (� 5.0) P � 0.0001
IL-10 (�592) 18.2 (� 0.7) 143.7 (� 1.4) 152.3 (� 1.3) P � 0.0001
PAI-1 (�675) 217.6 (� 1.8) 204.1 (� 1.5) 56.9 (� 5.9) P � 0.0001
TLR4 299‡ 213.6 (� 0.7) 210.6 (� 3.0) N/A 0.2511

*W denotes the more frequent genotype, w denotes the variant genotype (SNP).
†P-value (ANOVA) comparing genotypes.
‡No significant difference comparing W/W and W/w genotypes for TLR4 299 is detected. These genotypes are readily distinguished on the basis of

R110 incorporation.

Table 4. Genotype Frequencies*

Loci W/W W/w w/w

TNF-� (�308) 3/90 (3.3%) 21/90 (23.3%) 66/90 (73.3%)
TNF-� (�238) 83/90 (92.2%) 7/90 (7.8%) 0/90 (0.0%)†

TNF-� (�250) 37/90 (41.1%) 44/90 (48.9%) 9/90 (10%)
IL-1 (�3953) 5/90 (5.5%) 42/90 (46.7%) 43/90 (47.8%)
IL-6 (�174) 37/90 (41.1%) 43/90 (47.8%) 10/90 (11.1%)
IL-10 (�592) 4/90 (4.4%) 35/90 (38.9%) 51/90 (56.7%)
PAI-1 (�675) 20/90 (22.2%) 57/90 (63.3%) 14/90 (15.5%)
TLR4299 83/90 (92.2%) 7/90 (7.8%) 0/90 (0%)†

*W denotes the more frequent genotype, w denotes the variant
genotype (SNP).

†Given their infrequent nature, w/w genotypes for TNF-� (�238) and
TLR4 299 were not observed.
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found that we could unambiguously assign genotype in
99.3% of samples. To achieve these results, several as-
pects of this technique, including PCR amplification, am-
plicon purification, and the template-directed dye-termi-
nating incorporation reaction, required manipulation.

To minimize non-specific annealing between TDI oli-
gonucleotide probes and PCR amplification products, we
selected PCR primers that amplified small DNA seg-
ments (121 to 383 bp in this study), and optimized PCR
conditions so as to generate homogeneous PCR targets.
The influence of the size of the PCR product is illustrated
by our assay for TNF-�(�238). Though this polymorphic
site is contained within the genomic segment amplified
by the primers used in our assay for TNF-�(�308), it was
necessary for us to select PCR primers that amplified a
smaller segment containing this SNP for us to obtain
acceptable results. We typically amplified 10 ng of
genomic DNA. However, for many assays, excellent dis-
crimination between genotypes was obtained over a
broad range of DNA concentrations (data not shown). In
contrast, for one SNP we evaluated, IL-6 (�174), the TDI
assay appeared more sensitive to the amount of genomic
DNA present and would only provide acceptable results
if smaller amounts of DNA were used. Following PCR
amplification, reaction products were digested with a
mixture of shrimp alkaline phosphatase and exonuclease
1 to eliminate single-stranded oligonucleotides and unin-
corporated dNTPs.

We selected TDI oligonucleotide probes that were at
least 24 nucleotides in length for our assays. This length
theoretically corresponds to a molecular weight that pro-
vides optimal discrimination between incorporated and
unincorporated ddNTPs by FP analysis, and favors spec-
ificity in annealing adjacent to the SNP of interest.22 Our
general approach was to select forward and reverse
probes, 24 and 30 nucleotides in length, and to deter-
mine which of these nucleotides provided the greatest
discrimination in our system. It has not been necessary in
our experience to use TDI probes greater than 30 nucle-
otides in length, though for selected SNPs, there may be
some advantages to using these longer probes to en-
hance the specificity of annealing between the oligonu-
cleotide and PCR product. We set the annealing temper-
ature of the TDI reaction to be 10°C lower than the melting
temperature of the TDI probe, though other investigators
have described acceptable results using less stringent
reaction conditions.22,29 Finally, the total FP measured for
a solution is a summation of the FP for the individual
species in solution. The FP contributed by the incorpo-
rated and unincorporated ddNTPs cannot be distin-
guished. Allele discrimination by TDI-FP will be optimal
when 100% incorporation of the ddNTPs has occurred.
Methods of assuring that the TDI reaction is driven to
completion include altering the number of TDI reaction
cycles and adjusting the concentrations of constituents in
solution. In our current study, we found that 30 reaction
cycles were adequate for all assays and that increasing
the number of reaction cycles for some assays resulted in
less ability to discriminate among genotypes, presum-

ably due to mis-incorporation of ddNTPs. We found that a
lower concentration of constituents was necessary to
optimize the IL-6 (�174) reaction. Finally, the addition of
single-stranded DNA binding protein results in an in-
crease in the molecular weight of single-stranded DNA,
thus allowing for greater discrimination between TDI oli-
gonucleotide probes and unincorporated ddNTPs.22 The
results of most of our assays were acceptable without the
addition of this reagent.

While we were ultimately able to assign genotype in
99.3% of samples, one limitation of this technique is that
as many as 14% of samples yielded an indeterminate
genotype on the initial assay and required re-analysis.
The first pass failure rate of this technique has not been
previously reported, but is higher than that reported by
Hsu et al30 for a high throughput technique based on the
Invader assay. Whether the first pass characteristics of
TDI-FP can be improved with further refinement of assay
conditions or experience with the technique requires fur-
ther study. Further, a limitation of our study was that we
confirmed genotype by including sequence-confirmed
controls in each assay, but did not confirm the TDI-FP
results for each sample assayed. Others have reported
100% concordance comparing TDI-FP with other meth-
odologies.22,30 For this reason, we consider the accuracy
of TDI-FP methodology established.

Studies reported to date examining the contribution of
genetic variability to predisposition and outcome in sep-
sis have been limited both in the numbers of patients
enrolled and in the number of genetic loci examined. In
contrast, a large number of SNPs have now been re-
ported in genes implicated in the inflammatory response.
Though we assayed for only eight SNPs, we identified 64
unique genotypes among 90 samples. This degree of
genetic heterogeneity emphasizes the need for clinical
studies that possess sufficient statistical power so that
the relationship between common genotypes and clinical
outcome can be accurately defined.

In summary, a number of high throughput approaches
to SNP detection have been described. No single ap-
proach, however, has been confirmed in a setting requir-
ing analysis of a large volume of clinical samples.31 We
believe that the TDI-FP methodology has several advan-
tages over other techniques. The TDI-FP assay does not
require the use of specially modified probes or reagents,
the PCR and incorporation reaction conditions can be
readily optimized, and FP detection occurs directly in
solution, and does not require separation of free from
bound components. Using this technique, we were able
to assign genotype in over 99% of the samples tested.
The long-term goal of our study is to better understand
the biological significance of functional polymorphisms
present in genes encoding inflammatory mediators in
patients with the sepsis syndrome. However, this meth-
odology has many potential applications, including ge-
netic analysis of other illnesses in which abnormalities of
the inflammatory cascade are implicated, or more gen-
erally, to settings requiring a flexible, high throughput
method of SNP detection.
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