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(57) ABSTRACT 

Methods are disclosed for predicting the potential of an 
oligonucleotide to hybridize to a target nucleotide sequence. 
Apredetermined number of unique oligonucleotides is iden 
ti?ed. The unique oligonucleotides are chosen to sample the 
entire length of a nucleotide sequence that is hybridiZable 
With the target nucleotide sequence. At least one parameter 
that is independently predictive of the ability of each of the 
oligonucleotides of the set to hybridize to the target nucle 
otide sequence is determined and evaluated for each of the 
above oligonucleotides. A subset of oligonucleotides Within 
the predetermined number of unique oligonucleotides is 
identi?ed based on the evaluation of the parameter. Oligo 
nucleotides in the subset are identi?ed that are clustered 
along a region of the nucleotide sequence that is hybridiz 
able to the target nucleotide sequence. The method may be 
carried out With the aid of a computer. 
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METHODS FOR EVALUATING 
OLIGONUCLEOTIDE PROBE SEQUENCES 

APPENDIX 

[0001] This patent application includes an appendix (the 
“Appendix”), Which contains the source code for the soft 
Ware used in carrying out the examples in accordance With 
the present invention. 

[0002] A portion of the present disclosure contains mate 
rial that is subject to copyright protection. The copyright 
oWner has no objection to the facsimile reproduction by 
anyone of the patent document or the patent disclosure as it 
appears in the US. Patent and Trademark Of?ce patent ?les 
or records, but otherWise reserves all copyright rights What 
soever. 

BACKGROUND OF THE INVENTION 

[0003] 1. Field of the Invention 

[0004] Signi?cant morbidity and mortality are associated 
With infectious diseases and genetically inherited disorders. 
More rapid and accurate diagnostic methods are required for 
better monitoring and treatment of these conditions. 
Molecular methods using DNA probes, nucleic acid hybrid 
iZation and in vitro ampli?cation techniques are promising 
methods offering advantages to conventional methods used 
for patient diagnoses. 

[0005] Nucleic acid hybridiZation has been employed for 
investigating the identity and establishing the presence of 
nucleic acids. HybridiZation is based on complementary 
base pairing. When complementary single stranded nucleic 
acids are incubated together, the complementary base 
sequences pair to form double-stranded hybrid molecules. 
The ability of single stranded deoxyribonucleic acid 
(ssDNA) or ribonucleic acid (RNA) to form a hydrogen 
bonded structure With a complementary nucleic acid 
sequence has been employed as an analytical tool in molecu 
lar biology research. The availability of radioactive nucleo 
side triphosphates of high speci?c activity and the develop 
ment of methods for their incorporation into DNA and RNA 
has made it possible to identify, isolate, and characteriZe 
various nucleic acid sequences of biological interest. 
Nucleic acid hybridiZation has great potential in diagnosing 
disease states associated With unique nucleic acid sequences. 
These unique nucleic acid sequences may result from 
genetic or environmental change in DNA by insertions, 
deletions, point mutations, or by acquiring foreign DNA or 
RNA by means of infection by bacteria, molds, fungi, and 
viruses. The application of nucleic acid hybridiZation as a 
diagnostic tool in clinical medicine is limited due to the cost 
and effort associated With the development of suf?ciently 
sensitive and speci?c methods for detecting potentially loW 
concentrations of disease-related DNA or RNA present in 
the complex mixture of nucleic acid sequences found in 
patient samples. 
[0006] One method for detecting speci?c nucleic acid 
sequences generally involves immobiliZation of the target 
nucleic acid on a solid support such as nitrocellulose paper, 
cellulose paper, diaZotiZed paper, or a nylon membrane. 
After the target nucleic acid is ?xed on the support, the 
support is contacted With a suitably labeled probe nucleic 
acid for about tWo to forty-eight hours. After the above time 
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period, the solid support is Washed several times at a 
controlled temperature to remove unhybridiZed probe. The 
support is then dried and the hybridiZed material is detected 
by autoradiography or by spectrometric methods. When 
very loW concentrations must be detected, the above method 
is sloW and labor intensive, and nonisotopic labels that are 
less readily detected than radiolabels are frequently not 
suitable. 

[0007] A method for the enZymatic ampli?cation of spe 
ci?c segments of DNA knoWn as the polymerase chain 
reaction (PCR) method has been described. This in vitro 
ampli?cation procedure is based on repeated cycles of 
denaturation, oligonucleotide primer annealing, and primer 
extension by thermophilic polymerase, resulting in the expo 
nential increase in copies of the region ?anked by the 
primers. The PCR primers, Which anneal to opposite strands 
of the DNA, are positioned so that the polymerase catalyZed 
extension product of one primer can serve as a template 
strand for the other, leading to the accumulation of a discrete 
fragment Whose length is de?ned by the distance betWeen 
the 5‘ ends of the oligonucleotide primers. 

[0008] Other methods for amplifying nucleic acids have 
also been developed. These methods include single primer 
ampli?cation, ligase chain reaction (LCR), transcription 
mediated ampli?cation methods including 35R and 
NASBA, and the Q-beta-replicase method. Regardless of the 
ampli?cation used, the ampli?ed product must be detected. 

[0009] One method for detecting nucleic acids is to 
employ nucleic acid probes that have sequences comple 
mentary to sequences in the target nucleic acid. A nucleic 
acid probe may be, or may be capable of being, labeled With 
a reporter group or may be, or may be capable of becoming, 
bound to a support. Detection of signal depends upon the 
nature of the label or reporter group. Usually, the probe is 
comprised of natural nucleotides such as ribonucleotides and 
deoxyribonucleotides and their derivatives although unnatu 
ral nucleotide mimetics such as peptide nucleic acids and 
oligomeric nucleoside phosphonates are also used. Com 
monly, binding of the probes to the target is detected by 
means of a label incorporated into the probe. Alternatively, 
the probe may be unlabeled and the target nucleic acid 
labeled. Binding can be detected by separating the bound 
probe or target from the free probe or target and detecting the 
label. In one approach, a sandWich is formed comprised of 
one probe, Which may be labeled, the target and a probe that 
is or can become bound to a surface. Alternatively, binding 
can be detected by a change in the signal-producing prop 
erties of the label upon binding, such as a change in the 
emission ef?ciency of a ?uorescent or chemiluminescent 
label. This permits detection to be carried out Without a 
separation step. Finally, binding can be detected by labeling 
the target, alloWing the target to hybridiZe to a surface-bound 
probe, Washing aWay the unbound target and detecting the 
labeled target that remains. 

[0010] Direct detection of labeled target hybridiZed to 
surface-bound probes is particularly advantageous if the 
surface contains a mosaic of different probes that are indi 
vidually localiZed to discrete, knoWn areas of the surface. 
Such ordered arrays containing a large number of oligo 
nucleotide probes have been developed as tools for high 
throughput analyses of genotype and gene expression. Oli 
gonucleotides synthesiZed on a solid support recogniZe 
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uniquely complementary nucleic acids by hybridization, and 
arrays can be designed to de?ne speci?c target sequences, 
analyze gene expression patterns or identify speci?c allelic 
variations. One difficulty in the design of oligonucleotide 
arrays is that oligonucleotides targeted to different regions of 
the same gene can shoW large differences in hybridization 
ef?ciency, presumably due, at least in part, to the interplay 
betWeen the secondary structures of the oligonucleotides and 
their targets and the stability of the ?nal probe/target hybrid 
ization product. A method for predicting Which oligonucle 
otides Will shoW detectable hybridization Would substan 
tially decrease the number of iterations required for optimal 
array design and Would be particularly useful When the total 
number of oligonucleotide probes on the array is limited. A 
method to predict oligonucleotide hybridization ef?ciency 
Would also streamline the empirical approaches currently 
used to select potential antisense therapeutics, Which are 
designed to modulate gene expression in vivo by hybridizing 
to speci?c messenger RNA (mRNA) molecules and inhib 
iting their translation into proteins. 

[0011] While it is Well knoWn that the structure of the 
target nucleic acid affects the af?nity of oligonucleotide 
hybridization, current methods for predicting target struc 
tures from the primary sequence fail to predict target regions 
accessible for oligonucleotide binding. Consequently, selec 
tion of oligonucleotides for antisense reagents or oligonucle 
otide probe arrays has been largely empirical. As most of the 
target sequence is sequestered by intramolecular base pair 
ing and not accessible for oligonucleotide binding, the 
process of identifying good oligonucleotides has required 
large numbers of loW ef?ciency experiments. 

[0012] The design and implementation of algorithms that 
effectively predict the ability of oligonucleotides to rapidly 
and avidly bind to complementary nucleotide sequences has 
been an important problem in molecular biology since the 
invention of facile methods for chemical DNA synthesis. 
The subsequent inventions of the polymerase chain reaction 
(PCR), antisense inhibition of gene expression and oligo 
nucleotide array methods for performing massively parallel 
hybridization experiments have made the need for effective 
predictive algorithms even more critical. 

[0013] Previous attempts to solve the nucleic acid probe 
design problem include PCR primer design softWare appli 
cations (e.g., OLIGO®), neural netWorks, PCR primer 
design applications that search for sequences that possess 
minimal ability to cross-hybridize With other targets present 
in a sample (e.g., HYBsimulatorTM), and approaches that 
attempt to predict the ef?ciency of antisense sequence sup 
pression of mRNA translation from a combination of pre 
dicted nucleic acid duplex melting temperature and pre 
dicted target strand structure. The methods that predict 
effective oligonucleotide primers for performing PCR from 
DNA templates Work Well for that application Where rela 
tively stringent conditions are employed. This is because 
PCR experimental design greatly simpli?es the prediction 
problem: hybridization is performed at high temperature, at 
relatively loW ionic strength and in the presence of a large 
molar excess of oligonucleotide. Under these conditions, the 
oligonucleotide and target secondary structures are rela 
tively unimportant. 

[0014] Unfortunately, these conditions do not apply to 
oligonucleotide arrays, Which are usually hybridized under 
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relatively non-denaturing conditions, or to antisense sup 
pression of gene expression, Which takes place in vivo. 
Oligonucleotide arrays can contain hundreds of thousands of 
different sequences and conditions are chosen to alloW the 
oligonucleotide With the loWest melting temperature to 
hybridize ef?ciently. These “loWest common denominator” 
conditions are usually relatively non-denaturing and second 
ary structure constraints become signi?cant. Accordingly, 
the above applications require neW predictive methods that 
are capable of estimating the effects of oligonucleotide and 
target structure on hybridization ef?ciency. For these rea 
sons, current algorithms for designing PCR primer oligo 
nucleotides fail badly When applied to the problems of 
oligonucleotide array or antisense oligonucleotide design. 

[0015] To date, the most effective approach for identifying 
oligonucleotides With good hybridization ef?ciency has 
been an empirical one. Such an approach involves the 
synthesis of large numbers of oligonucleotide probes for a 
given target nucleotide sequence. Arrays are formed that 
include the above oligonucleotide probes. Hybridization 
experiments are carried out to determine Which of the 
oligonucleotide probes exhibit good hybridization ef?cien 
cies. Examples of such an approach are found in D. Lock 
hart, et al., Nature Biotech., infra, L. Wodicka, et al., Nature 
Biotechnology, infra., and N. Milner et al. Nature Biotech, 
infra. One major draWback to this approach is the vast 
number of oligonucleotides that must be synthesized in 
order to achieve a satisfactory result. Typically, about 
2%-5% of the test probes synthesized yield acceptable signal 
levels. 

[0016] The use of neural netWorks for oligonucleotide 
design has also been investigated. Neural netWorks are 
easily taught With real data; they therefore afford a general 
approach to many problems. HoWever, their performance is 
limited by the “senses” that they are given. An analogy 
Works best here: the human brain is an astoundingly capable 
neural netWork, but a blind person cannot be taught to 
reliably distinguish colors by smell. In addition, a large 
amount of data is required to adequately teach a neural 
netWork to perform its job Well. A comprehensive database 
for either oligonucleotide array design or antisense suppres 
sion of gene expression has not been made available. For 
these reasons, the performance reported to-date of neural 
netWork solutions against the probe design problem is 
mediocre. 

[0017] Finally, approaches that have attempted to use 
target nucleic acid folding calculations to predict experi 
mental results inferred to depend upon hybridization ef? 
ciency (e.g. antisense suppression of mRNA translation) 
have so far only demonstrated that the predictions of current 
nucleic acid folding calculations correlate poorly With 
observed behavior. The probable reason for this is that the 
structures predicted by such programs for long sequences 
are poor predictors of chemical reality; the results of experi 
ments that attempt to con?rm the predictions of such cal 
culations support this assessment. Recent improvements to 
this approach Which use predicted RNA structure topology 
as a predictor of relative RNA/RNA association kinetics 
have been more successful at forecasting the results of 
antisense experiments. HoWever, these methods are not 
computationally ef?cient, and have so far only been shoWn 
to Work for targets less than 100 bases long. Such methods 
are therefore not yet capable of predicting the behavior of 
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full-length mRNA targets, Which are typically between 
1,000 and 2,000 bases in length. 

[0018] 2. Description of the Related Art 

[0019] Us. Pat. No. 5,512,438 (Ecker) discloses the inhi 
bition of RNA expression by forming a pseudo-half knot 
RNA at the target’s RNA secondary structure using anti 
sense oligonucleotides. 

[0020] Cook, et al., in US. Pat. No. 5,670,633 discuss 
sugar-modi?ed oligonucleotides that detect and modulate 
gene expression. 

[0021] Antisense oligonucleotide inhibition of the RAS 
gene is disclosed in Us. Pat. No. 5,582,986 (Monia, et al.). 

[0022] Us. Pat. No. 5,593,834 (Lane, et al.) discusses a 
method of preparing DNA sequences With knoWn ligand 
binding characteristics. 

[0023] Mitsuhashi, et al., in Us. Pat. No. 5,556,749 
discusses a computeriZed method for designing optimal 
DNA probes and an oligonucleotide probe design station. 

[0024] Us. Pat. No. 5,081,584 (Omichinski, et al.) dis 
closes a computer-assisted design of anti-peptides based on 
the amino acid sequence of a target peptide. 

[0025] A PCR primer design application that searches for 
sequences that possess minimal ability to cross-hybridiZe 
With other targets present in a sample is available as HYB 
simulatorTM, version 2.0, AGCT, Inc., 2102 Business Center 
Drive, Suite 170, Irvine, Calif. 92715 (714) 833-9983. 

[0026] A PCR primer design softWare application is avail 
able as OLIGO®, version 5.0, National Biosciences, Inc., 
3650 Annapolis Lane North, #140, Plymouth, Minn. 55447 
(800) 747-4362. 

[0027] D. J. Lockhart, et al., Nature Biotech. 14:1675 
1684 (1996) describe a neural netWork approach to the 
selection of ef?cient surface-bound oligonucleotide probes. 

[0028] M. Mitsuhashi, et al., Nature, 367:759-761 (1994) 
disclose a method for designing speci?c oligonucleotide 
probes and primers by modeling the potential cross-hybrid 
iZation of candidate probes to non-target sequences knoWn 
to be present in samples. 

[0029] R. A. Stull, et al., Nuc. Acids Res., 20:3501-3508 
(1992) describe a method of predicting the ef?cacy of 
antisense oligonucleotides, using predicted target secondary 
structure and predicted oligonucleotide/target binding free 
energy as input parameters. 

[0030] N. Milner, et al., Nature Biotechnology, 15:537 
541 (1997) compare observed patterns of probe hybridiZa 
tion to those expected from the predicted secondary struc 
ture of the nucleic acid target. 

[0031] L. Wodicka, et al.,Nature Biotechnology, 15:1359 
1367 (1997) describe simple rules for avoiding inef?cient 
and non-speci?c probes during design and synthesis of 
oligonucleotides arrays. 

[0032] J. SantaLucia Jr., et al., Biochemistry, 35:3555 
(1996) disclose parameters and methods for the calculation 
of thermodynamic properties of DNA/DNA homoduplexes. 

[0033] N. Sugimoto, et al.,Biochemistry, 34:11211 (1995) 
disclose parameters and methods for the calculation of 
thermodynamic properties of DNA/RNA heteroduplexes. 
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[0034] J. A. Jaeger, et al., Proc. Nati. Acad. Sci. USA, 
86:7706 (1989) disclose methods for estimation of the free 
energy of the most stable intramolecular structure of a 
single-stranded polynucleotide, by means of a dynamic 
programming algorithm. 

[0035] S. F. Altschul, et al., Nature Genetics, 6:119-129 
(1994) disclose methods for calculating the complexity and 
information content of amino acid and nucleic acid 
sequences. 

[0036] T. A. Weber and E. Helfand, J. Chem. Phys., 71, 
4760 (1979) describe approaches for the modeling of poly 
mer structures by molecular dynamics simulations. 

[0037] V. PatZel and G. ScZakiel, Nature Biotech.,.16, 
64-68 (1998) disclose methods for estimating rate constants 
for association of antisense RNA molecules With mRNA 
targets by examination of predicted antisense RNA second 
ary structures. 

[0038] Light-generated oligonucleotide arrays for rapid 
DNA sequence analysis is described by A. C. Pease, et al., 
Proc. Nat. Acad. Sci. USA (1994) 91:5022-5026. 

[0039] Mitsuhashi discusses basic requirements for 
designing optimal oligonucleotide probe sequences in J. 
Clinical Laboratory Analysis (1996) 10:277-284. 

[0040] Rychlik, et al., discloses a computer program for 
choosing optimal oligonucleotides for ?lter hybridiZation, 
sequencing and in vitro ampli?cation of DNA in Nucleic 
Acids Research (1989) 17(21):8543-8551. 

[0041] A strategy for designing speci?c antisense oligo 
nucleotide sequences is described by Mitsuhashi in J. Gas 
troenterol. (1997) 32:282-287. 

[0042] Mitsuhashi discusses basic requirements for 
designing optimal PCR primers in J. Clinical Laboratory 
Analysis (1996) 10:285-293. 

[0043] Hyndman, et al., disclose softWare to determine 
optimal oligonucleotide sequences based on hybridiZation 
simulation data in BioTechniques (1996) 20(6):1090-1094. 

[0044] Eberhardt discloses a shell program for the design 
of PCR primers using genetics computer group (GCG) 
softWare (7.1) on VAX/VSMTM systems in BioTechniques 
(1992) 13(6):914-917. 
[0045] Chen, et al., disclose a computer program for 
calculating the melting temperature of degenerate oligo 
nucleotides used in PCR or hybridiZation in BioTechniques 
(1997) 22(6): 1158-1160. 
[0046] Partial thermodynamic parameters for prediction 
stability and Washing behavior of DNA duplexes immobi 
liZed on gel matrix is described by Kunitsyn, et al., in J. 
Biomolecular Structure & Dynamics, ISSN 0739-1102 

(1996) 14(1):239-244. 

SUMMARY OF THE INVENTION 

[0047] One embodiment of the present invention is a 
method for predicting the potential of an oligonucleotide to 
hybridiZe to a target nucleotide sequence. A predetermined 
set of unique oligonucleotide sequences is identi?ed. The 
unique oligonucleotide sequences are chosen to sample the 
entire length of a nucleotide sequence that is hybridiZable 
With the target nucleotide sequence. At least one parameter 
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that is predictive of the ability of each of the oligonucle 
otides speci?ed by the set of sequences to hybridize to the 
target nucleotide sequence is determined and evaluated for 
each of the above oligonucleotide sequences. A subset of 
oligonucleotide sequences Within the predetermined set of 
unique oligonucleotide sequences is identi?ed based on the 
examination of the parameter values. Finally, oligonucle 
otide sequences in the subset are identi?ed that are clustered 
along one or more regions of the nucleotide sequence that is 
hybridiZable to the target nucleotide sequence. The oligo 
nucleotide probes corresponding to the identi?ed sequences 
?nd use in polynucleotide assays particularly Where the 
assays involve oligonucleotide arrays. For a discussion of 

oligonucleotide arrays, see, e.g., US. Pat. No. 5,700,637 Southern) and US. Pat. No. 5,667,667 Southern), the 

relevant disclosures of Which are incorporated herein by 
reference. 

[0048] Another embodiment of the present invention is a 
method for predicting the potential of an oligonucleotide to 
hybridiZe to a complementary target nucleotide sequence. A 
set of overlapping oligonucleotide sequences is identi?ed 
based on a nucleotide sequence that is complementary to the 
target nucleotide sequence. At least tWo parameters that are 
independently predictive of the ability of each of the oligo 
nucleotides speci?ed by the oligonucleotide sequences to 
hybridiZe to the target nucleotide sequence are determined 
and evaluated for each of the oligonucleotide sequences. 
Independence is assured by requiring that the parameters be 
poorly correlated With respect to one another. A subset of 
oligonucleotide sequences Within the set of oligonucleotide 
sequences is identi?ed based on the examination of the 
parameter values. Finally, oligonucleotide sequences in the 
subset are identi?ed that are clustered along one or more 

regions of the nucleotide sequence that is complementary to 
the target nucleotide sequence. 

[0049] Another embodiment of the present invention is a 
method for predicting the potential of an oligonucleotide to 
hybridiZe to a complementary target nucleotide sequence. A 
set of overlapping oligonucleotide sequences is obtained 
based on a nucleotide sequence of length L, complementary 
to the target nucleotide sequence. The oligonucleotide 
sequences of the set of overlapping oligonucleotide 
sequences are of identical length N and spaced one nucle 
otide apart. The set comprises L—N+1 oligonucleotide 
sequences. Parameters are determined for each of the oli 
gonucleotide sequences of the set of overlapping oligonucle 
otide sequences. One parameter is the predicted melting 
temperature of the duplex of each of the oligonucleotides 
speci?ed by the oligonucleotide sequences and the target 
nucleotide sequence, corrected for salt concentration. The 
other parameter is the predicted free energy of the most 
stable intramolecular structure of each of the oligonucle 
otides speci?ed by the oligonucleotide sequences at the 
temperature of hybridiZation of the oligonucleotide With the 
target nucleotide sequence. A subset of oligonucleotide 
sequences Within the set of oligonucleotide sequences is 
selected based on an examination of the parameter values by 
establishing cut-off values for each of the parameters. Oli 
gonucleotide sequences in the subset that are clustered along 
one or more regions of the complementary nucleotide 
sequence are ranked based on the siZes of the clusters of 
oligonucleotide sequences. Finally, a subset of the clustered 
oligonucleotide sequences is selected that statistically 
samples the clusters of oligonucleotide sequences. The 
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selected sampled subset is used to specify the synthesis of 
oligonucleotides for experimental evaluation. 

[0050] Another aspect of the present invention is a com 
puter based method for predicting the potential of an oligo 
nucleotide to hybridiZe to a target nucleotide sequence. A 
predetermined number of unique oligonucleotides Within a 
nucleotide sequence that is hybridiZable With the target 
nucleotide sequence is identi?ed under computer control. 
The oligonucleotides are chosen to sample the entire length 
of the nucleotide sequence. A value is determined and 
evaluated under computer control for each of the oligonucle 
otides for at least one parameter that is independently 
predictive of the ability of each of the oligonucleotides to 
hybridiZe to the target nucleotide sequence. The parameter 
values are stored. A subset of oligonucleotides Within the 
predetermined number of unique oligonucleotides is identi 
?ed by examination of the stored parameter values under 
computer control. Then, oligonucleotides in the subset that 
are clustered along a region of the nucleotide sequence that 
is hybridiZable to the target nucleotide sequence are identi 
?ed under computer control. 

[0051] Another aspect of the present invention is a com 
puter system for conducting a method for predicting the 
potential of an oligonucleotide to hybridiZe to a target 
nucleotide sequence. The system comprises (a) input means 
for introducing a target nucleotide sequence into the com 
puter system, (b) means for determining a number of unique 
oligonucleotide sequences that are Within a nucleotide 
sequence that is hybridiZable With the target nucleotide 
sequence Where the oligonucleotide sequences are chosen to 
sample the entire length of the nucleotide sequence, (c) 
memory means for storing the oligonucleotide sequences, 
(d) means for controlling the computer system to carry out 
for each of the oligonucleotide sequences a determination 
and evaluation of a value for at least one parameter that is 
independently predictive of the ability of each of the oligo 
nucleotide sequences to hybridiZe to the target nucleotide 

sequence, (e) means for storing the parameter values, means for controlling the computer to carry out an identi 

?cation from the stored parameter values a subset of oligo 
nucleotide sequences Within the number of unique oligo 
nucleotide sequences based on the examination of the 
parameter, (g) means for storing the subset of oligonucle 
otides, (h) means for controlling the computer to carry out 
an identi?cation of oligonucleotide sequences in the subset 
that are clustered along a region of the nucleotide sequence 

that is hybridiZable to the target nucleotide sequence, means for storing the oligonucleotide sequences in the 

subset, and means for outputting data relating to the 
oligonucleotide sequences in the subset. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0052] FIG. 1 is a general ?oW chart depicting the method 
of the present invention. 

[0053] FIG. 2 is a How chart depicting a preferred 
embodiment of a method in accordance With the present 
invention. 

[0054] FIG. 3 is a contour plot of normaliZed hybridiZa 
tion intensity from multiple experiments, as a function of the 
free energy of the most stable probe intramolecular structure 
(AGMFOLD) and the difference betWeen the predicted RNA/ 
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DNA heteroduplex melting temperature (Tm) and the tem 
perature of hybridization (Thyb). 

[0055] FIG. 4 shows the observed hybridization patterns 
for oligonucleotides selected using a method in accordance 
With the present invention and additional oligonucleotides to 
a portion of the rabbit [3-globin gene (radiolabeled antisense 
RNA target). 

[0056] FIG. 5 shoWs the observed hybridiZation patterns 
for oligonucleotides selected using a method in accordance 
With the present invention and additional oligonucleotides to 
the HIV PRT gene (?uorescein-labeled sense RNA target). 

[0057] FIG. 6 shoWs the observed hybridiZation patterns 
for oligonucleotides selected using a method in accordance 
With the present invention and additional oligonucleotides to 
the G3PDH gene (?uorescein-labeled antisense RNA tar 
get). 
[0058] FIG. 7 shoWs the observed hybridiZation patterns 
for oligonucleotides selected using a method in accordance 
With the present invention and additional oligonucleotides to 
the p53 gene (?uorescein-labeled antisense RNA target). 

[0059] FIG. 8 shoWs the observed hybridiZation patterns 
for oligonucleotides selected using a method in accordance 
With the present invention and additional oligonucleotides to 
the HIV PRTs gene (using data from the GeneChipTM data). 

DEFINITIONS 

[0060] Before proceeding further With a description of the 
speci?c embodiments of the present invention, a number of 
terms Will be de?ned. 

[0061] Nucleic Acids: 

[0062] Polynucleotide—a compound or composition that 
is a polymeric nucleotide or nucleic acid polymer. The 
polynucleotide may be a natural compound or a synthetic 
compound. In the context of an assay, the polynucleotide is 
often referred to as a polynucleotide analyte. The polynucle 
otide can have from about 20 to 5,000,000 or more nucle 
otides. The larger polynucleotides are generally found in the 
natural state. In an isolated state the polynucleotide can have 
about 30 to 50,000 or more nucleotides, usually about 100 
to 20,000 nucleotides, more frequently 500 to 10,000 nucle 
otides. It is thus obvious that isolation of a polynucleotide 
from the natural state often results in fragmentation. The 
polynucleotides include nucleic acids, and fragments 
thereof, from any source in puri?ed or unpuri?ed form 
including DNA (dsDNA and ssDNA) and RNA, including 
tRNA, mRNA, rRNA, mitochondrial DNA and RNA, chlo 
roplast DNA and RNA, DNA/RNA hybrids, or mixtures 
thereof, genes, chromosomes, plasmids, the genomes of 
biological material such as microorganisms, e.g., bacteria, 
yeasts, viruses, viroids, molds, fungi, plants, animals, 
humans, and the like. The polynucleotide can be only a 
minor fraction of a complex mixture such as a biological 
sample. Also included are genes, such as hemoglobin gene 
for sickle-cell anemia, cystic ?brosis gene, oncogenes, 
cDNA, and the like. 

[0063] The polynucleotide can be obtained from various 
biological materials by procedures Well knoWn in the art. 
The polynucleotide, Where appropriate, may be cleaved to 
obtain a fragment that contains a target nucleotide sequence, 
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for example, by shearing or by treatment With a restriction 
endonuclease or other site speci?c chemical cleavage 
method. 

[0064] For purposes of this invention, the polynucleotide, 
or a cleaved fragment obtained from the polynucleotide, Will 
usually be at least partially denatured or single stranded or 
treated to render it denatured or single stranded. Such 
treatments are Well knoWn in the art and include, for 
instance, heat or alkali treatment, or enZymatic digestion of 
one strand. For example, dsDNA can be heated at 90-100° 
C. for a period of about 1 to 10 minutes to produce denatured 
material. 

[0065] Target nucleotide sequence—a sequence of nucle 
otides to be identi?ed, usually existing Within a portion or all 
of a polynucleotide, usually a polynucleotide analyte. The 
identity of the target nucleotide sequence generally is knoWn 
to an extent suf?cient to alloW preparation of various 
sequences hybridiZable With the target nucleotide sequence 
and of oligonucleotides, such as probes and primers, and 
other molecules necessary for conducting methods in accor 
dance With the present invention, an ampli?cation of the 
target polynucleotide, and so forth. 

[0066] The target sequence usually contains from about 30 
to 5,000 or more nucleotides, preferably 50 to 1,000 nucle 
otides. The target nucleotide sequence is generally a fraction 
of a larger molecule or it may be substantially the entire 
molecule such as a polynucleotide as described above. The 
minimum number of nucleotides in the target nucleotide 
sequence is selected to assure that the presence of a target 
polynucleotide in a sample is a speci?c indicator of the 
presence of polynucleotide in a sample. The maximum 
number of nucleotides in the target nucleotide sequence is 
normally governed by several factors: the length of the 
polynucleotide from Which it is derived, the tendency of 
such polynucleotide to be broken by shearing or other 
processes during isolation, the ef?ciency of any procedures 
required to prepare the sample for analysis (eg transcription 
of a DNA template into RNA) and the ef?ciency of detection 
and/or ampli?cation of the target nucleotide sequence, 
Where appropriate. 

[0067] Oligonucleotide—a polynucleotide, usually single 
stranded, usually a synthetic polynucleotide but may be a 
naturally occurring polynucleotide. The oligonucleotide(s) 
are usually comprised of a sequence of at least 5 nucleotides, 
preferably, 10 to 100 nucleotides, more preferably, 20 to 50 
nucleotides, and usually 10 to 30 nucleotides, more prefer 
ably, 20 to 30 nucleotides, and desirably about 25 nucle 
otides in length. 

[0068] Various techniques can be employed for preparing 
an oligonucleotide. Such oligonucleotides can be obtained 
by biological synthesis or by chemical synthesis. For short 
sequences (up to about 100 nucleotides), chemical synthesis 
Will frequently be more economical as compared to the 
biological synthesis. In addition to economy, chemical syn 
thesis provides a convenient Way of incorporating loW 
molecular Weight compounds and/or modi?ed bases during 
a speci?c synthesis steps. Furthermore, chemical synthesis is 
very ?exible in the choice of length and region of the target 
polynucleotide binding sequence. The oligonucleotide can 
be synthesiZed by standard methods such as those used in 
commercial automated nucleic acid synthesiZers. Chemical 
synthesis of DNA on a suitably modi?ed glass or resin can 
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result in DNA covalently attached to the surface. This may 
offer advantages in Washing and sample handling. For longer 
sequences standard replication methods employed in 
molecular biology can be used such as the use of M13 for 
single stranded DNA as described by J. Messing (1983) 
Methods Enzymol, 101:20-78. 

[0069] Other methods of oligonucleotide synthesis include 
phosphotriester and phosphodiester methods (Narang, et al. 
(1979) Meth. Enzymol 68:90) and synthesis on a support 
(Beaucage, et al. (1981) Tetrahedron Letters 22:1859-1862) 
as Well as phosphoramidite techniques (Caruthers, M. H., et 
al., “Methods in EnZymology,” Vol. 154, pp. 287-314 
(1988)) and others described in “Synthesis and Applications 
of DNA and RNA,” S. A. Narang, editor, Academic Press, 
NeW York, 1987, and the references contained therein. The 
chemical synthesis via a photolithographic method of spa 
tially addressable arrays of oligonucleotides bound to glass 
surfaces is described by A. C. Pease, et al., Proc. Nat. Acad. 
Sci. USA (1994) 91:5022-5026. 

[0070] Oligonucleotide probe—an oligonucleotide 
employed to bind to a portion of a polynucleotide such as 
another oligonucleotide or a target nucleotide sequence. The 
design and preparation of the oligonucleotide probes are 
generally dependent upon the sensitivity and speci?city 
required, the sequence of the target polynucleotide and, in 
certain cases, the biological signi?cance of certain portions 
of the target polynucleotide sequence. 

[0071] Oligonucleotide primer(s)—an oligonucleotide 
that is usually employed in a chain extension on a poly 
nucleotide template such as in, for example, an ampli?cation 
of a nucleic acid. The oligonucleotide primer is usually a 
synthetic nucleotide that is single stranded, containing a 
sequence at its 3‘-end that is capable of hybridiZing With a 
de?ned sequence of the target polynucleotide. Normally, an 
oligonucleotide primer has at least 80%, preferably 90%, 
more preferably 95%, most preferably 100%, complemen 
tarity to a de?ned sequence or primer binding site. The 
number of nucleotides in the hybridiZable sequence of an 
oligonucleotide primer should be such that stringency con 
ditions used to hybridiZe the oligonucleotide primer Will 
prevent excessive random non-speci?c hybridiZation. Usu 
ally, the number of nucleotides in the oligonucleotide primer 
Will be at least as great as the de?ned sequence of the target 
polynucleotide, namely, at least ten nucleotides, preferably 
at least 15 nucleotides, and generally from about 10 to 200, 
preferably 20 to 50, nucleotides. 

[0072] In general, in primer extension, ampli?cation prim 
ers hybridiZe to, and are extended along (chain extended), at 
least the target nucleotide sequence Within the target poly 
nucleotide and, thus, the target sequence acts as a template. 
The extended primers are chain “extension products.” The 
target sequence usually lies betWeen tWo de?ned sequences 
but need not. In general, the primers hybridiZe With the 
de?ned sequences or With at least a portion of such target 
polynucleotide, usually at least a ten-nucleotide segment at 
the 3‘-end thereof and preferably at least 15, frequently a 20 
to 50 nucleotide segment thereof. 

[0073] Nucleoside triphosphates—nucleosides having a 
5‘-triphosphate substituent. The nucleosides are pentose 
sugar derivatives of nitrogenous bases of either purine or 
pyrimidine derivation, covalently bonded to the 1‘-carbon of 
the pentose sugar, Which is usually a deoxyribose or a ribose. 
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The purine bases include adenine (A), guanine (G), inosine 
(I), and derivatives and analogs thereof. The pyrimidine 
bases include cytosine (C), thymine (T), uracil (U), and 
derivatives and analogs thereof. Nucleoside triphosphates 
include deoxyribonucleoside triphosphates such as the four 
common deoxyribonucleoside triphosphates dATP, dCTP, 
dGTP and dTTP and ribonucleoside triphosphates such as 
the four common triphosphates rATP, rCTP, rGTP and rUTP. 

[0074] The term “nucleoside triphosphates” also includes 
derivatives and analogs thereof, Which are exempli?ed by 
those derivatives that are recogniZed and polymeriZed in a 
similar manner to the underivatiZed nucleoside triphos 
phates. 

[0075] Nucleotide—a base-sugar-phosphate combination 
that is the monomeric unit of nucleic acid polymers, i.e., 
DNA and RNA. The term “nucleotide” as used herein 
includes modi?ed nucleotides as de?ned beloW. 

[0076] DNA—deoxyribonucleic acid. 

[0077] RNA—ribonucleic acid. 

[0078] Modi?ed nucleotide—a unit in a nucleic acid poly 
mer that contains a modi?ed base, sugar or phosphate group. 
The modi?ed nucleotide can be produced by a chemical 
modi?cation of the nucleotide either as part of the nucleic 
acid polymer or prior to the incorporation of the modi?ed 
nucleotide into the nucleic acid polymer. For example, the 
methods mentioned above for the synthesis of an oligonucle 
otide may be employed. In another approach a modi?ed 
nucleotide can be produced by incorporating a modi?ed 
nucleoside triphosphate into the polymer chain during an 
ampli?cation reaction. Examples of modi?ed nucleotides, 
by Way of illustration and not limitation, include dideoxy 
nucleotides, derivatives or analogs that are biotinylated, 
amine modi?ed, alkylated, ?uorophore-labeled, and the like 
and also include phosphorothioate, phosphite, ring atom 
modi?ed derivatives, and so forth. 

[0079] Nucleoside—is a base-sugar combination or a 
nucleotide lacking a phosphate moiety. 

[0080] Nucleotide polymerase—a catalyst, usually an 
enZyme, for forming an extension of a polynucleotide along 
a DNA or RNA template Where the extension is comple 
mentary thereto. The nucleotide polymerase is a template 
dependent polynucleotide polymerase and utiliZes nucleo 
side triphosphates as building blocks for extending the 
3‘-end of a polynucleotide to provide a sequence comple 
mentary With the polynucleotide template. Usually, the 
catalysts are enZymes, such as DNA polymerases, for 
example, prokaryotic DNA polymerase (I, II, or III), T4 
DNA polymerase, T7 DNA polymerase, KlenoW fragment, 
reverse transcriptase, Vent DNA polymerase, Pfu DNA 
polymerase, Taq DNA polymerase, and the like, or RNA 
polymerases, such as T3 and T7 RNA polymerases. Poly 
merase enZymes may be derived from any source such as 

cells, bacteria such as E. coli, plants, animals, virus, ther 
mophilic bacteria, and so forth. 

[0081] Ampli?cation of nucleic acids or polynucle 
otides—any method that results in the formation of one or 
more copies of a nucleic acid or polynucleotide molecule 
(exponential ampli?cation) or in the formation of one or 
more copies of only the complement of a nucleic acid or 
polynucleotide molecule (linear ampli?cation). 
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[0082] Hybridization (hybridizing) and binding—in the 
context of nucleotide sequences these terms are used inter 
changeably herein. The ability of tWo nucleotide sequences 
to hybridiZe With each other is based on the degree of 
complementarity of the tWo nucleotide sequences, Which in 
turn is based on the fraction of matched complementary 
nucleotide pairs. The more nucleotides in a given sequence 
that are complementary to another sequence, the more 
stringent the conditions can be for hybridiZation and the 
more speci?c Will be the binding of the tWo sequences. 
Increased stringency is achieved by elevating the tempera 
ture, increasing the ratio of co-solvents, loWering the salt 
concentration, and the like. 

[0083] Hybridization efficiency—the productivity of a 
hybridiZation reaction, measured as either the absolute or 
relative yield of oligonucleotide probe/polynucleotide target 
duplex formed under a given set of conditions in a given 
amount of time. 

[0084] Homologous or substantially identical polynucle 
otides—In general, tWo polynucleotide sequences that are 
identical or can each hybridiZe to the same polynucleotide 
sequence are homologous. The tWo sequences are homolo 
gous or substantially identical Where the sequences each 
have at least 90%, preferably 100%, of the same or analo 
gous base sequence Where thymine (T) and 30 uracil (U) are 
considered the same. Thus, the ribonucleotides A, U, C and 
G are taken as analogous to the deoxynucleotides dA, dT, 
dC, and dG, respectively. Homologous sequences can both 
be DNA or one can be DNA and the other RNA. 

[0085] Complementary—TWo sequences are complemen 
tary When the sequence of one can bind to the sequence of 
the other in an anti-parallel sense Wherein the 3‘-end of each 
sequence binds to the 5‘-end of the other sequence and each 
A, T(U), G, and C of one sequence is then aligned With a 
T(U), A, C, and G, respectively, of the other sequence. RNA 
sequences can also include complementary G/U or U/G 
basepairs. 
[0086] Member of a speci?c binding pair (“sbp mem 
ber”)—one of tWo different molecules, having an area on the 
surface or in a cavity that speci?cally binds to and is thereby 
de?ned as complementary With a particular spatial and polar 
organiZation of the other molecule. The members of the 
speci?c binding pair are referred to as cognates or as ligand 
and receptor (antiligand). These may be members of an 
immunological pair such as antigen-antibody, or may be 
operator-repressor, nuclease-nucleotide, biotin-avidin, hor 
mones-hormone receptors, nucleic acid duplexes, IgG-pro 
tein A, DNA-DNA, DNA-RNA, and the like. 

[0087] Ligand—any compound for Which a receptor natu 
rally exists or can be prepared. 

[0088] Receptor (“antiligand”)—any compound or com 
position capable of recogniZing a particular spatial and polar 
organiZation of a molecule, e.g., epitopic or determinant site. 
Illustrative receptors include naturally occurring receptors, 
e.g., thyroxine binding globulin, antibodies, enZymes, Fab 
fragments, lectins, nucleic acids, repressors, protection 
enZymes, protein A, complement component C1q, DNA 
binding proteins or ligands and the like. 

[0089] Oligonucleotide Properties: 
[0090] Potential of an oligonucleotide to hybridiZe—the 
combination of duplex formation rate and duplex dissocia 
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tion rate that determines the amount of duplex nucleic acid 
hybrid that Will form under a given set of experimental 
conditions in a given amount of time. 

[0091] Parameter—a factor that provides information 
about the hybridiZation of an oligonucleotide With a target 
nucleotide sequence. Generally, the factor is one that is 
predictive of the ability of an oligonucleotide to hybridiZe 
With a target nucleotide sequence. Such factors include 
composition factors, thermodynamic factors, chemosyn 
thetic ef?ciencies, kinetic factors, and the like. 
[0092] Parameter predictive of the ability to hybridiZe—a 
parameter calculated from a set of oligonucleotide 
sequences Wherein the parameter positively correlates With 
observed hybridiZation ef?ciencies of those sequences. The 
parameter is, therefore, predictive of the ability of those 
sequences to hybridiZe. “Positive correlation” can be rigor 
ously de?ned in statistical terms. The correlation coef?cient 
pXLy of tWo experimentally measured discreet quantities x 
and y (N values in each set) is de?ned as 

C0variance(x, y) 

[0093] Where the Covariance (x,y) is de?ned by 

l N 

Cwarimcm y) = (X.- — my.- — ?y) 

[0094] The quantities pix and ‘My are the averages of the 
quantities x and y, While the variances are simply the squares 
of the standard deviations (de?ned beloW). The correlation 
coef?cient is a dimensionless (unitless) quantity betWeen —1 
and 1. Acorrelation coef?cient of 1 or —1 indicates that x and 
y have a linear relationship With a positive or negative slope, 
respectively. A correlation coefficient of Zero indicates no 
relationship; for example, tWo sets of random numbers Will 
yield a correlation coef?cient near Zero. Intermediate corre 
lation coef?cients indicate intermediate degrees of related 
ness betWeen tWo sets of numbers. The correlation coef? 
cient is a good statistical measure of the degree to Which one 
set of numbers predicts a second set of numbers. 

[0095] Composition factor—a numerical factor based 
solely on the composition or sequence of an oligonucleotide 
Without involving additional parameters, such as experimen 
tally measured nearest-neighbor thermodynamic param 
eters. For instance, the fraction (G+C), given by the formula 

[0096] Where nG, nc, n A and nT or U are the numbers of G, 
C, A and T (or U) bases in an oligonucleotide, is an example 
of a composition factor. Examples of composition factors, 
by Way of illustration and not limitation, are mole fraction 
(G+C), percent (G+C), sequence complexity, sequence 
information content, frequency of occurrence of speci?c 
oligonucleotide sequences in a sequence database and so 
forth. 
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[0097] Thermodynamic factor—numerical factors that 
predict the behavior of an oligonucleotide in some process 
that has reached equilibrium. For instance, the free energy of 
duplex formation betWeen an oligonucleotide and its 
complement is a thermodynamic factor. Thermodynamic 
factors for systems that can be subdivided into constituent 
parts are often estimated by summing contributions from the 
constituent parts. Such an approach is used to calculate the 
thermodynamic properties of oligonucleotides. 

[0098] Examples of thermodynamic factors, by Way of 
illustration and not limitation, are predicted duplex melting 
temperature, predicted enthalpy of duplex formation, pre 
dicted entropy of duplex formation, free energy of duplex 
formation, predicted melting temperature of the most stable 
intramolecular structure of the oligonucleotide or its 
complement, predicted enthalpy of the most stable intramo 
lecular structure of the oligonucleotide or its complement, 
predicted entropy of the most stable intramolecular structure 
of the oligonucleotide or its complement, predicted free 
energy of the most stable intramolecular structure of the 
oligonucleotide or its complement, predicted melting tem 
perature of the most stable hairpin structure of the oligo 
nucleotide or its complement, predicted enthalpy of the most 
stable hairpin structure of the oligonucleotide or its comple 
ment, predicted entropy of the most stable hairpin structure 
of the oligonucleotide or its complement, predicted free 
energy of the most stable hairpin structure of the oligonucle 
otide or its complement, thermodynamic partition function 
for intramolecular structure of the oligonucleotide or its 
complement and the like. 

[0099] Chemosynthetic ef?ciency—oligonucleotides and 
nucleotide sequences may both be made by sequential 
polymeriZation of the constituent nucleotides. HoWever, the 
individual addition steps are not perfect; they instead pro 
ceed With some fractional efficiency that is less than unity. 
This may vary as a function of position in the sequence. 
Therefore, What is really produced is a family of molecules 
that consists of the desired molecule plus many truncated 
sequences. These “failure sequences” affect the observed 
efficiency of hybridiZation betWeen an oligonucleotide and 
its complementary target. Examples of chemosynthetic effi 
ciency factors, by Way of illustration and not limitation, are 
coupling ef?ciencies, overall efficiencies of the synthesis of 
a target nucleotide sequence or an oligonucleotide probe, 
and so forth. 

[0100] Kinetic factor—numerical factors that predict the 
rate at Which an oligonucleotide hybridiZes to its comple 
mentary sequence or the rate at Which the hybridiZed 
sequence dissociates from its complement are called kinetic 
factors. Examples of kinetic factors are steric factors calcu 
lated via molecular modeling or measured experimentally, 
rate constants calculated via molecular dynamics simula 
tions, associative rate constants, dissociative rate constants, 
enthalpies of activation, entropies of activation, free ener 
gies of activation, and the like. 

[0101] Predicted duplex melting temperature—the tem 
perature at Which an oligonucleotide mixed With a hybrid 
iZable nucleotide sequence is predicted to form a duplex 
structure (double-helix hybrid) With 50% of the hybridiZable 
sequence. At higher temperatures, the amount of duplex is 
less than 50%; at loWer temperatures, the amount of duplex 
is greater than 50%. The melting temperature Trn (°C.) is 
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calculated from the enthalpy (AH), entropy (AS) and C, the 
concentration of the most abundant duplex component (for 
hybridiZation arrays, the soluble hybridiZation target), using 
the equation 

AH 
= m — 273.15, Tm 

[0102] Where R is the gas constant, 1.987 cal/(mole-°K.). 
For longer sequences (>100 nucleotides), Trn can also be 
estimated from the mole fraction (G+C), XG+C, using the 
equation 

Tm=81.5+41.0 Xmc. 

[0103] Melting temperature corrected for salt concentra 
tion—polynucleotide duplex melting temperatures are cal 
culated With the assumption that the concentration of sodium 
ion, Na”, is 1 M. Melting temperatures T‘rn calculated for 
duplexes formed at different salt concentrations are cor 
rected via the semi-empirical equation 

[0104] Predicted enthalpy, entropy and free energy of 
duplex formation—the enthalpy (AH), entropy and free 
energy (AG) are thermodynamic state functions, related by 
the equation 

[0105] Where T is the temperature in °K. In practice, the 
enthalpy and entropy are predicted via a thermodynamic 
model of duplex formation (the “nearest neighbor” model 
Which is explained in more detail beloW), and used to 
calculate the free energy and melting temperature. 

[0106] Predicted free energy of the most stable intramo 
lecular structure of an oligonucleotide or its complement— 
single-stranded DNA and RNA molecules that contain self 
complementary sequences can form intramolecular 
secondary structures. For instance, the oligonucleotide 

5'—ACTGGCAATCACAATTGCCAGTAA-3' (SEQ ID NO:l) 

[0107] can base pair With itself, to form the structure 

5'—ACTGGCAATCA (SEQ ID NO: 1) 

[0108] Where a vertical line indicates Watson-Crick base 
pair formation. Many such structures are possible for a given 
sequence; tWo are of particular interest. The ?rst is the 
loWest energy “hairpin” structure (formed by folding a 
sequence back on itself With a connecting loop at least 3 
nucleotides long). The second is the loWest energy structure 
that can be formed by including more complex topologies, 
such as “bulge loops” (unpaired duplexes betWeen tWo 
regions of base-paired duplex) and cloverleaf structures, 
Where 3 base-paired stretches meet at a triple-junction. A 
good example of a complex secondary structure is the 
structure of a tRNA molecule, an example of Which, namely, 
yeast tRNAAla is shoWn beloW. 
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[0109] For either type of structure, a value of the free 
energy of that structure can be calculated, relative to the 
unpaired strand, by means of a thermodynamic model simi 
lar to that used to calculate the free energy of a base-paired 
duplex structure. Again, the free energy AG is calculated 
from the enthalpy AH and the entropy AS at a given absolute 
temperature T via the equation 

[0110] HoWever, in this case there is the added dif?culty 
that the loWest energy structure must be found. For a simple 
hairpin structure, this optimiZation can be performed via a 
relatively simple search algorithm. For more complex struc 
tures (such as a cloverleaf) a dynamic programming algo 
rithm, such as that implemented in the program MFOLD, 
must be used. 

[0111] Yeast tRNAA1"‘—The RNA sequence includes 
many non-standard ribonucleotides, such as D (5,6 dihy 
drouridine), mlG (l-methylguanosine), m2G (NZ-dimeth 
ylguanosine), 1p(pseudouridine), I (inosine), m1 (1-methyli 
nosine) and T (ribothymidine). Dots (') mark (non-standard) 
G=U base pairs. The structure is taken from A. L. Lehninger, 
et al., Principles of Biochemistry, 2nd Ed. (Worth Publishers, 
NeW York, NY, 1993). 

3' (SEQ ID NO:2) 
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[0112] Coupling ef?ciencies—chemosynthetic ef?ciencies 
are called coupling efficiencies When the synthetic scheme 
involves successive attachment of different monomers to a 
groWing oligomer; a good example is oligonucleotide syn 
thesis via phosphoramidite coupling chemistry. 

[0113] Algorithmic Operations: 
[0114] Evaluating a parameter—determination of the 
numerical value of a numerical descriptor of a property of an 
oligonucleotide sequence by means of a formula, algorithm 
or look-up table. 

[0115] Filter—a mathematical rule or formula that divides 
a set of numbers into tWo subsets. Generally, one subset is 
retained for further analysis While the other is discarded. If 
the division into tWo subsets is achieved by testing the 
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numbers against a simple inequality, then the ?lter is 
referred to as a “cut-off”. In the context of the current 
invention, an example by Way of illustration and not limi 
tation is the statement “The predicted self structure free 
energy must be greater than or equal to —0.4 kcal/mole,” 
Which can be used as a ?lter for oligonucleotide sequences; 
this particular ?lter is also an example of a cut-off. 

[0116] Filter set—A set of rules or formulae that succes 
sively WinnoW a set of numbers by identifying and discard 
ing subsets that do not meet speci?c criteria. In the context 
of the current invention, an example by Way of illustration 
and not limitation is the compound statement “the predicted 
self structure free energy must be greater than or equal to 
—0.4 kcal/mole and the predicted RNA/DNA heteroduplex 
melting temperature must lie betWeen 60° C. and 85° C.,” 
Which can be used as a ?lter set for oligonucleotide 

sequences. 

[0117] Examining a parameter—comparing the numerical 
value of a parameter to some cutoff-value or ?lter. 

[0118] Statistical sampling of a cluster—extraction of a 
subset of oligonucleotides from a cluster of oligonucleotides 
based upon some statistical measure, such as rank by oli 
gonucleotide starting position in the sequence complemen 
tary to the target sequence. 

[0119] First quartile, median and third quartile—If a set of 
numbers is ranked by value, then the value that divides the 
lower 1A from the upper % of the set is the ?rst quartile, the 
value that divides the set in half is the median and the value 
that divides the lower 3A from the upper 1A1 of the set is the 
third quartile. 

[0120] Poorly correlated—If it is not possible to perform 
a “good” prediction, as de?ned via statistics, of one set of 
numbers from another set of numbers using a simple linear 
model, then the tWo sets of numbers are said to be poorly 
correlated. 

[0121] Computer program—a Written set of instructions 
that symbolically instructs an appropriately con?gured com 
puter to execute an algorithm that Will yield desired outputs 
from some set of inputs. The instructions may be Written in 
one or several standard programming languages, such as C, 
C++, Visual BASIC, FORTRAN or the like. Alternatively, 
the instructions may be Written by imposing a template onto 
a general-purpose numerical analysis program, such as a 
spreadsheet. 
[0122] Experimental System Components: 

[0123] Small organic molecule—a compound of molecu 
lar Weight less than 1500, preferably 100 to 1000, more 
preferably 300 to 600 such as biotin, ?uorescein, rhodamine 
and other dyes, tetracycline and other protein binding mol 
ecules, and haptens, etc. The small organic molecule can 
provide a means for attachment of a nucleotide sequence to 
a label or to a support. 

[0124] Support or surface—a porous or non-porous Water 
insoluble material. The surface can have any one of a 
number of shapes, such as strip, plate, disk, rod, particle, 
including bead, and the like. The support can be hydrophilic 
or capable of being rendered hydrophilic and includes 
inorganic poWders such as glass, silica, magnesium sulfate, 
and alumina; natural polymeric materials, particularly cel 
lulosic materials and materials derived from cellulose, such 
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as ?ber containing papers, e.g., ?lter paper, chromatographic 
paper, etc.; synthetic or modi?ed naturally occurring poly 
mers, such as nitrocellulose, cellulose acetate, poly (vinyl 
chloride), polyacrylamide, cross linked dextran, agarose, 
polyacrylate, polyethylene, polypropylene, poly(4-methyl 
butene), polystyrene, polymethacrylate, poly(ethylene 
terephthalate), nylon, poly(vinyl butyrate), etc.; either used 
by themselves or in conjunction With other materials; glass 
available as Bioglass, ceramics, metals, and the like. Natural 
or synthetic assemblies such as liposomes, phospholipid 
vesicles, and cells can also be employed. 

[0125] Binding of oligonucleotides to a support or surface 
may be accomplished by Well-knoWn techniques, commonly 
available in the literature. See, for example, A. C. Pease, et 
al., Proc. Nat. Acad. Sci. USA, 91:5022-5026 (1994). 

[0126] Label—a member of a signal producing system. 
Usually the label is part of a target nucleotide sequence or 
an oligonucleotide probe, either being conjugated thereto or 
otherWise bound thereto or associated thereWith. The label is 
capable of being detected directly or indirectly. Labels 
include reporter molecules that can be detected directly 
by virtue of generating a signal, (ii) speci?c binding pair 
members that may be detected indirectly by subsequent 
binding to a cognate that contains a reporter molecule, (iii) 
oligonucleotide primers that can provide a template for 
ampli?cation or ligation or (iv) a speci?c polynucleotide 
sequence or recognition sequence that can act as a ligand 
such as for a repressor protein, Wherein in the latter tWo 
instances the oligonucleotide primer or repressor protein 
Will have, or be capable of having, a reporter molecule. In 
general, any reporter molecule that is detectable can be used. 

[0127] The reporter molecule can be isotopic or noniso 
topic, usually non-isotopic, and can be a catalyst, such as an 
enZyme, a polynucleotide coding for a catalyst, promoter, 
dye, ?uorescent molecule, chemiluminescent molecule, 
coenZyme, enZyme substrate, radioactive group, a small 
organic molecule, ampli?able polynucleotide sequence, a 
particle such as latex or carbon particle, metal sol, crystal 
lite, liposome, cell, etc., Which may or may not be further 
labeled With a dye, catalyst or other detectable group, and 
the like. The reporter molecule can be a ?uorescent group 
such as ?uorescein, a chemiluminescent group such as 
luminol, a terbium chelator such as N-(hydroxyethyl) eth 
ylenediaminetriacetic acid that is capable of detection by 
delayed ?uorescence, and the like. 

[0128] The label is a member of a signal producing system 
and can generate a detectable signal either alone or together 
With other members of the signal producing system. As 
mentioned above, a reporter molecule can be bound directly 
to a nucleotide sequence or can become bound thereto by 
being bound to an sbp member complementary to an sbp 
member that is bound to a nucleotide sequence. Examples of 
particular labels or reporter molecules and their detection 
can be found in US. Pat. No. 5,508,178 issued Apr. 16, 
1996, at column 11, line 66, to column 14, line 33, the 
relevant disclosure of Which is incorporated herein by ref 
erence. When a reporter molecule is not conjugated to a 
nucleotide sequence, the reporter molecule may be bound to 
an sbp member complementary to an sbp member that is 
bound to or part of a nucleotide sequence. 

[0129] Signal Producing System—the signal producing 
system may have one or more components, at least one 
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component being the label. The signal producing system 
generates a signal that relates to the presence or amount of 
a target polynucleotide in a medium. The signal producing 
system includes all of the reagents required to produce a 
measurable signal. Other components of the signal produc 
ing system may be included in a developer solution and can 
include substrates, enhancers, activators, chemiluminescent 
compounds, cofactors, inhibitors, scavengers, metal ions, 
speci?c binding substances required for binding of signal 
generating substances, and the like. Other components of the 
signal producing system may be coenZymes, substances that 
react With enZymic products, other enZymes and catalysts, 
and the like. The signal producing system provides a signal 
detectable by external means, by use of electromagnetic 
radiation, desirably by visual examination. Signal-producing 
systems that may be employed in the present invention are 
those described more fully in Us. Pat. No. 5,508,178, the 
relevant disclosure of Which is incorporated herein by ref 
erence. 

[0130] Ancillary Materials—Various ancillary materials 
Will frequently be employed in the methods and assays 
utiliZing oligonucleotide probes designed in accordance 
With the present invention. For example, buffers and salts 
Will normally be present in an assay medium, as Well as 
stabiliZers for the assay medium and the assay components. 
Frequently, in addition to these additives, proteins may be 
included, such as albumins, organic solvents such as forma 
mide, quaternary ammonium salts, polycations such as sper 
mine, surfactants, particularly non-ionic surfactants, binding 
enhancers, e.g., polyalkylene glycols, or the like. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0131] The invention is directed to methods or algorithms 
for predicting oligonucleotides speci?c for a nucleic acid 
target Where the oligonucleotides exhibit a high potential for 
hybridiZation. The algorithm uses parameters of the oligo 
nucleotide and the oligonucleotide/target nucleotide 
sequence duplex, Which can be readily predicted from the 
primary sequences of the target polynucleotide and candi 
date oligonucleotides. In the methods of the present inven 
tion, oligonucleotides are ?ltered based on one or more of 
these parameters, then further ?ltered based on the siZes of 
clusters of oligonucleotides along the input polynucleotide 
sequence. The methods or algorithms of the present inven 
tion may be carried out using either relatively simple user 
Written subroutines or publicly available stand-alone soft 
Ware applications (e. g., dynamic programming algorithm for 
calculating self-structure free energies of oligonucleotides). 
The parameter calculations may be orchestrated and the 
?ltering algorithms may be implemented using any of a 
number of commercially available computer programs as a 
frameWork such as, e.g., Microsoft® Excel spreadsheet, 
Microsoft® Access relational database and the like. The 
basic steps involved in the present methods involve parsing 
a sequence that is complementary to a target nucleotide 
sequence into a set of overlapping oligonucleotide 
sequences, evaluating one or more parameters for each of 
the oligonucleotide sequences, said parameter or parameters 
being predictive of probe hybridiZation to the target nucle 
otide sequence, ?ltering the oligonucleotide sequences 
based on the values for each parameter, ?ltering the oligo 
nucleotide sequences based on the length of contiguous 
sequence elements and ranking the contiguous sequence 
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elements based on their length. We have found that oligo 
nucleotides in the longest contiguous sequence elements 
generally shoW the highest hybridization ef?ciencies. 

[0132] The present methods are based on our recognition 
that oligonucleotides shoWing high hybridization ef?cien 
cies tend to form clusters. It is believed that this clustering 
re?ects local regions of the target nucleotide sequence that 
are unstructured and accessible for oligonucleotide binding. 
Oligonucleotides that are contiguous along a region of the 
input nucleic acid sequence are identi?ed. These oligonucle 
otides are sorted based on the length of the contiguous 
sequence elements. The sorting approach used in the present 
invention apparently serves as a surrogate for the calculation 
of local secondary structure of the target nucleotide 
sequence. This is supported by our observation that treat 
ments intended to eliminate long-range nucleic acid struc 
ture (e.g., random fragmentation) do not eliminate the dif 
ferences in hybridiZation yields across oligonucleotide 
probe arrays. This implies that major determinants of effi 
cient hybridiZation are local regions of the target sequence. 
The identi?cation of contiguous sequence elements is a 
simple and ef?cient method for recogniZing clusters of such 
determinants and, thus, for identifying oligonucleotide 
probes that exhibit high hybridiZation efficiency for a target 
nucleotide sequence. 

[0133] As mentioned above one embodiment of the 
present invention is a method for predicting the potential of 
an oligonucleotide to hybridiZe to a target nucleotide 
sequence. A predetermined number of unique oligonucle 
otides is identi?ed. The length of the oligonucleotides may 
be the same or different. The oligonucleotides are unique in 
that no tWo of the oligonucleotides are identical. The unique 
oligonucleotides are chosen to sample the entire length of a 
nucleotide sequence that is hybridiZable With the target 
nucleotide sequence. The actual number of oligonucleotides 
is generally determined by the length of the nucleotide 
sequence and the desired result. The number of oligonucle 
otides should be suf?cient to achieve a consensus behavior. 
In other Words, the oligonucleotide sequences should be 
sufficiently numerous that several possible probes overlap or 
fall Within a given region that is expected to yield acceptable 
hybridiZation ef?ciency. Since the location of these regions 
is not knoWn before hand, the best strategy is to equally 
space the probe sequences along the sequence that is hybrid 
iZable to the target sequence. Since regions of acceptable 
hybridiZation ef?ciency are generally on the order of 20 
nucleotides in length, a practical strategy is to space the 
starting nucleotides of the oligonucleotide sequences no 
more than ?ve basepairs apart. If computation time needed 
to calculate the predictive parameters is not an issue, then 
the best strategy is to space the starting nucleotides one 
nucleotide apart. An important feature of the present inven 
tion is to determine oligonucleotides that are clustered along 
a region of the nucleotide sequence. The individual predic 
tions made for individual oligonucleotide sequences are not 
very good. HoWever, We have found that the predictions that 
are experimentally observed tend to form contiguous clus 
ters, While the spurious predictions tend to be solitary. Thus, 
the number of oligonucleotides should be suf?cient to 
achieve the desired clustering. 

[0134] Preferably, a set of overlapping sequences is cho 
sen. To this end, the subsequences are chosen so that there 
is overlap of at least one nucleotide from one oligonucle 
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otide to the next. More preferably, the overlap is tWo or more 
nucleotides. Most preferably, the oligonucleotides are 
spaced one nucleotide apart and the predetermined number 
is L-N+1 oligonucleotides Where L is the length of the 
nucleotide sequence and N is the length of the oligonucle 
otides. In the latter situation, the unique oligonucleotides are 
of identical length N. Thus, a set of overlapping oligonucle 
otides is a set of oligonucleotides that are subsequences 
derived from some master sequence by subdividing that 
sequence in such a Way that each subsequence contains 
either the start or end of at least one other subsequence in the 
set. 

[0135] An example of the above for purposes of illustra 
tion and not limitation is presented by the sequence ATG 
GACTTAGCATTCG (SEQ ID N013), from Which the fol 
loWing set of overlapping oligonucleotides can be identi?ed: 

ATGGACTTAGCA (SEQ ID NO:4) 

TGGACTTAGCAT (SEQ ID NO:5) 

GGACTTAGCATT (SEQ ID NO:6) 

GACTTAGCATTC (SEQ ID NO:7) 

ACTTAGCATTCG (SEQ ID NO:8) 

[0136] In this example the overlapping oligonucleotides 
are spaced one nucleotide apart. In other Words, there is 
overlap of all but one nucleotide from one oligonucleotide to 
the next. In the example above, the original nucleotide 
sequence is 16 nucleotides long (L=16). The length of each 
of the overlapping oligonucleotides is 12 nucleotides long 
(N=12) and there are L—N+1=5 oligonucleotides. 

[0137] The length of the oligonucleotides may be the same 
or different and may vary depending on the length of the 
nucleotide sequence. The length of the oligonucleotides is 
determined by a practical compromise betWeen the limits of 
current chemistries for oligonucleotide synthesis and the 
need for longer oligonucleotides, Which exhibit greater 
binding af?nity for the target sequence and are more likely 
to occur only once in complicated mixtures of polynucle 
otide targets. Usually, the length of the oligonucleotides is 
from about 10 to 50 nucleotides, more usually, from about 
25 to 35 nucleotides. 

[0138] In the next step of the method at least one param 
eter that is independently predictive of the ability of each of 
the oligonucleotides of the set to hybridiZe to the target 
nucleotide sequence is determined and evaluated for each of 
the above oligonucleotides. Examples of such a parameter, 
by Way of illustration and not limitation, is a parameter 
selected from the group consisting of composition factors, 
thermodynamic factors, chemosynthetic efficiencies, kinetic 
factors and mathematical combinations of these quantities. 

[0139] The determination of a parameter may be carried 
out by knoWn methods. For example, melting temperature of 
the oligonucleotide/target duplex may be determined using 
the nearest neighbor method and parameters appropriate for 
the nucleotide acids involved. For DNA/DNA parameters, 
see J. SantaLucia Jr., et al., (1996) Biochemistry, 35:3555. 
For RNA/DNA parameters, see N. Sugimoto, et al., (1995) 
Biochemistry, 34:11211. Brie?y, these methods are based on 
the observation that the thermodynamics of a nucleic acid 








































































































































































































































































































































































































































































































































































































































































































































































































































