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(57) ABSTRACT 

The invention features improved nucleic acids and methods 
for expression profiling of mRNAS, identifying and profiling 
of particular mRNA splice variants, and detecting mutations, 
deletions, or duplications of particular exons or other splice 
variants, e.g., alterations associated with a disease Such as 
cancer, in a nucleic acid Sample, e.g., a biological Sample or 
a patient Sample. 
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OLGONUCLEOTDES USEFUL FOR DETECTING 
AND ANALYZING NUCLEIC ACIDS OF INTEREST 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority to U.S. Provisional 
Application No. 60/420,278, filed on Oct. 21, 2002 and 
Danish Application No. PA 2003 00752, filed on May 19, 
2003, each of which is hereby incorporated by reference. 

REFERENCE TO COMPUTER PROGRAM 
LISTING APPENDIX 

0002. A compact disc containing the files: 
50287.007002 oligod.txt, 60 kB;50287.007002 dyp.txt,52 
kB; 50287.007002 expression array param.txt, 3 kB; 
50287.007002 T. prediction.txt, 3 kB; 50287.007002 T, 
thermodynamic.txt, 47 kB, all created on Oct. 19, 2003, has 
been Submitted in duplicate and is hereby incorporated by 
reference. 

BACKGROUND OF THE INVENTION 

0003. The invention relates to nucleic acids and methods 
for expression profiling of mRNAS, identifying and profiling 
of particular mRNA splice variants, and detecting mutations, 
deletions, or duplications of particular exons, e.g., alter 
ations associated with a disease Such as cancer, in a nucleic 
acid Sample, e.g., a patient Sample. The invention further 
more relates to methods for detecting nucleic acids by 
fluorescence in Situ hybridization. 
0004 The field of the invention is oligonucleotides (e.g., 
oligonucleotide arrays) that are useful for detecting nucleic 
acids of interest and for detecting differences between 
nucleic acid samples (e.g., Such as Samples from a cancer 
patient and a healthy patient). 
0005) DNA chip technology utilizes minituarized arrays 
of DNA molecules immobilized on Solid Surfaces for bio 
chemical analyses. The power of DNA microarrays as 
experimental tools relies on the Specific molecular recogni 
tion via complementary base-pairing, which makes them 
highly useful for massive parallel analyses. In the post 
genomic era, microarray technology has thus become the 
method of choice for many hybridization-based assays, Such 
as expression profiling, SNP detection, DNA re-Sequencing, 
and genotyping on a genomic Scale. 
0006 Expression microarrays are capable of profiling 
gene expression patterns of tens of thousands of genes in a 
Single experiment. Hence, this technology provides a pow 
erful tool for deciphering complex biological Systems, and 
thereby greatly facilitates research in basic biology and 
living processes, as well as disease diagnostics, theranostics, 
and drug development. In a typical cell, the mRNAS are 
distributed in three frequency classes: (i) Superprevalent 
(10-20% of the total mRNA mass); (ii) intermediate (40 
45%); and (iii) low-abundant mRNAs (40-45%). It is there 
fore of utmost importance that the dynamic range and 
Sensitivity of the expression arrays are optimal, especially 
when analyzing expression levels of messages or mRNA 
Splice variants belonging to the low-abundant class. 
0007. The recent explosion of interest in DNA microarray 
technology has been Sparked by two key innovations. The 
first was the use of non-porous Solid Support, Such as glass 
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or polymer as opposed to nylon or nitrocellulose filters, 
which has facilitated miniaturization and fluorescence-based 
detection. Roughly 20,000 cDNAS can be robotically spot 
ted onto a microscope slide and hybridized with a double 
labeled probe. The second was the development of methods 
for high-density Spatial Synthesis of oligonucleotides. The 
two key array technologies are outlined in the following. 
0008 Oligonucleotide arrays 
0009. An efficient strategy for oligonucleotide microar 
ray manufacturing involves DNA synthesis on Solid Surfaces 
using combinatorial chemistry. Most of the current technol 
ogy is developed by Affymetrix and Rosetta Inpharmatics. 
Glass is currently preferred as the Synthesis Support because 
of its inert chemical properties and low level of intrinsic 
fluorescence as well as the ability to chemically derivatize 
the Surface. Of the three approaches currently used to 
manufacture oligonucleotide arrays, the light-directed 
deprotection method is the most effective one in generating 
high density microchips. A Single round of Synthesis 
involves light-directed deprotection, followed by nucleotide 
coupling. Photolithographic masking is used to control the 
regions of the chip designated for illumination. Affynietrix 
uses a combination of photolithography and combinatorial 
chemistry to manufacture its GeneChip Arrays. Using tech 
nologies adapted from the Semiconductor industry, Gene 
Chip manufacturing begins with a 5-inch Square quartz 
wafer. Initially the quartz is washed to ensure uniform 
hydroxylation acroSS its Surface. The wafer is placed in a 
bath of silane, which reacts with the hydroxyl groups of the 
quartz and forms a matrix of covalently linked molecules. 
The distance between these Silane molecules determines the 
probes’ packing density, allowing arrays to hold over 500, 
000 features within 1.28 square centimeters. The principal 
disadvantage of this method is that a Significant amount of 
chip design work and cost is associated with the mask 
design. Once a set of masks has been made, a large number 
of chips can be produced at a reasonable cost. The current 
pricing of oligonucleotide arrays available from Affymetrix 
are in the range of 5-10 fold more expensive than cDNA 
microarrayS. 
0010 DNA-DNA hybridization using oligonucleotide 
chips is clearly different from that of cDNA microarrays. 
Hybridizations involving oligos are much more Sensitive to 
the GC content of individual heteroduplexes. In addition, 
Single base mismatches have a pronounced effect on the 
hybridization reasSociation of short oligos, and point muta 
tions can thus be readily detected using oligo chips. 
0011 cDNA Microarrays 
0012 cDNA microarrays containing large DNA seg 
ments Such as cDNAS are generated by physically deposit 
ing small amounts of each DNA of interest onto known 
locations on glass Surfaces. Two technologies for printing 
microarrays are (1) mechanical microSpotting, and (2) ink 
jetting. Mechanical microSpotting has been extensively used 
at, e.g., Stanford University, and it utilizes pins or capillaries 
to deposit Small quantities of DNA onto known addresses 
using motion control Systems. Recent advances in 
microSpotting technology using modem arraying robots 
allow for the preparation of 100 microarrays containing over 
10,000 features in less than 12 hours. A DNA arrayer is 
relatively easy to Set up, and the cost is usually low 
compared to on-chip oligoarrayerS. cDNA microarrays are 
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capable of profiling gene expression patterns of tens of 
thousands of genes in a Single experiment. To compare the 
relative abundance of the arrayed gene Sequences in two 
DNA or RNA samples, e.g., the total mRNA isolated from 
two different cell populations, the two Samples are first 
labeled using two different fluorescent dyes such as Cy-3 
and Cy-5. The labeled samples are mixed and hybridized to 
the clones on the array Slide. After the hybridization, laser 
excitation of the incorporated, fluorescent target molecules 
yields an emission with a characteristic spectra, which is 
measured with a confocal laser Scanner. The monochrome 
images from the Scanner are imported to the Software in 
which the images are pseudo-colored and merged. Data from 
a single hybridization is viewed as a normalized ratio in 
which Significant deviations from the ratio are indicative of 
either increased or decreased expression levels relative to 
the reference Sample. Data from multiple experiments can be 
examined using any number of data mining tools. 

0013 Current status of array technology 

0.014. It has now become clear that cDNA microarrays, 
originally developed by Pat Brown and co-workers at the 
Stanford University, are sensitive, but may not be suffi 
ciently Specific with respect to, e.g., discrimination of 
homologous transcripts in gene families and alternatively 
spliced isoforms. On the other hand, the Affymetrix Gene 
Chip System is specific, but may not be Sensitive enough. 
This lack of sensitivity may explain why Affymetrix uses 1 
6x26-mer perfect match capture probes together with 1 
6x25-mer mismatch probes per transcript in its expression 
profiling chips resulting in enormous data Sets in genome 
wide arrayS. Therefore, the functional genomics field is in 
the process of Switching, as they run out of Samples, from 
existing PCR-amplified cDNA fragment libraries for 
microarraying to custom longmer oligonucleotide arrayS 
comprising transcript-specific oligonucleotide capture 
probes typically in the range of 30-mers to 80-mers, thus 
addressing both Specificity and Sensitivity. 

0.015 Alternative splicing 
0016. As the field of genomics research is shifting from 
the acquisition of genome Sequences to high-throughput 
functional genomics, there is an increasing need to under 
Stand the dynamics within the genetic regulation as well as 
RNA and protein Sequences in order to elucidate gene 
expression in all its complexity. A common feature for 
eukaryotic genes is that they are composed of protein 
encoding exons and introns. Introns (intra-genic-regions) are 
non-coding DNA which interrupt the exons. Introns are 
characterized by being excised from the pre-mRNA mol 
ecule in RNA splicing, as the Sequences on each side of the 
intron are spliced together. RNA splicing not only provides 
functional mRNA, but is also responsible for generating 
additional diversity. This phenomenon is called alternative 
splicing, which results in the production of different mRNAS 
from the same gene. The mRNAs that represent isoforms 
arising from a single gene can differ by the use of alternative 
exons or retention of an intron that disrupts two exons. This 
process often leads to different protein products that may 
have related or drastically different, even antagonistic, cel 
lular functions. There is increasing evidence indicating that 
alternative splicing is very widespread (Croft et al. Nature 
Genetics, 2000). Recent studies have revealed that at least 
60% of the roughly 35,000 genes in the human genome are 
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alternatively spliced. Clearly, by combining different types 
of modifications and thus generating different possible com 
binations of transcripts of different genes, alternative Splic 
ing is a potent mechanism for generating protein diversity. 
Analysis of the Spliceome, in turn, represents a novel 
approach to both functional genomics and pharmacogenom 
CS. 

0017 Antisense Transcription in Eukaryotes 
0018 RNA-mediated gene regulation is widespread in 
higher eukaryotes and complex genetic phenomena like 
RNA interference, co-Suppression, transgene Silencing, 
imprinting, methylation, and possibly position-effect varie 
gation and transvection, all involve interSecting pathways 
based on or connected to RNA signalling (Mattick 2001; 
EMBO reports 2, 11: 986-991). Recent studies indicate that 
antisense transcription is a very common phenomenon in the 
mouse and human genomes (Okazaki et al. 2002; Nature 
420:563-573; Yelin et al. 2003, Nature Biotechnol.). Thus, 
antisense modulation of gene expression in e.g. human cells 
may be a common regulatory mechanism. In light of this, the 
present invention provides novel tools, in which non-natu 
rally occurring nucleic acids, Such as LNA oligonucleotides, 
can be designed to Silence or modulate the regulation of a 
given mRNA by non-coding antisense RNA, by designing a 
complementary Sense LNA oligonucleotide for the regula 
tory antisense RNA. This has a high potential in target 
identification, target validation and therapeutic use of LNA 
oligonucleotides as modulating and Silencing sense nucleic 
acid agents. Misplaced control of alternative Splicing can 
cause disease 

0019. The detection of the detailed structure of all tran 
Scripts is an important goal for molecular characterization of 
a cell or tissue. Without the ability to detect and quantify the 
Splice variants present in one tissue, the transcript content or 
the protein content cannot be described accurately. Molecu 
lar medical research shows that many cancers result in 
altered levels of Splice variants, So an accurate method to 
detect and quantify these transcripts is required. Mutations 
that produce an aberrant Splice form can also be the primary 
cause of Such Severe diseases Such as Spinal muscular 
dystrophy and cystic fibrosis. 

0020 Much of the study of human disease, indeed much 
of genetics is based upon the Study of a few model organ 
isms. The evolutionary Stability of alternative Splicing pat 
terns and the degree to which Splicing changes according to 
mutations and environmental and cellular conditions influ 
ence the relevance of these model Systems. At present, there 
is little understanding of the rates at which alternative 
Splicing patterns change, and the factors influencing these 
rates. Table 1 shows a set of genes that are known to be 
alternatively spliced and that are orthologs of known human 
disease genes. 

TABLE 1. 

C. elegans disease orthologs that are known to be 
differentially Spliced in C. elegans. 

Disease C. elegans gene BLAST E value 

brABL1. M79.1A 1.OOE-162 
X-Linked Lymphoprol.-SH2D1A M79.1A 2.OOE-58 
Cyclin Dep. Kinase 4-CDK4 F18H3.5A 1.OOE-124 
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TABLE 1-continued 

C. elegans disease orthologs that are known to be 
differentially spliced in C. elegans. 

Disease C. elegans gene BLAST E value 

HNPCC*-PMS2 H12C2O2A 1.OOE-123 
Neurofibromatosis 2-NF2 CO1G8.5A S.OOE-163 
Duchenne MD--DMD F32B4.3A OOOE--OO 
Coffin-Lowry-RPS6KA3 TO1H8.1A 2.OOE-13 
Septooptic Dysplasia-HESX1 Y113G-7A.6A 1.OOE-152 
Non-Insulin Dep. Diabet.-PCSK1 F11A6.1A 1.OOE-166 
Barter's-SLC12A1 Y37A1C.1A 1.OOE-167 
Gitelmans-SLC12A3 Y37A1C.1A OOOE--OO 
Hered. Spherocytosis-ANK1 BO350.2A 1.OOE-09 
Darier-White-SERCA K11D9.2A OOOE--OO 
Spondyloepip. Dysp.-COL2A1 FO1 G12.5A/let-2 9.OOE-20 

0021 Previously, other microarray analyses have been 
performed with the aim of detecting either splicing of RNA 
transcripts per Se in yeast, or of detecting putative eXon 
skipping Splicing events in rat tissues, but neither of these 
approaches had Sufficient resolution to estimate quantities of 
Splice variants, a factor that could be essential to an under 
Standing of the changes in cell life cycle and disease. 

0022. Thus, improved methods are needed for nucleic 
acid amplification, hybridization, and classification. Desir 
able methods can distinguish between mRNA splice variants 
and quantitate the amount of each variant in a Sample. Other 
desirable methods can detect differences in expressions 
patterns between patient nucleic acid Samples and nucleic 
acid Standards. 

SUMMARY OF THE INVENTION 

0023 The present invention demonstrates the usefulness 
of LNA-modified oligonucleotides in the construction of 
highly Specific and Sensitive microarrays for expression 
profiling (e.g., mRNA splice variant detection) and com 
parative genomic hybridization. The invention provides 
novel technology platforms based on nucleic acids with 
LNA or other high affinity nucleotides for sensitive and 
Specific assessment of alternative splicing using microarray 
technology. As opposed to high-density cDNA or DNA 
oligonucleotide microarrays, LNA microarrays are able to 
discriminate between highly homologous as well as differ 
entially spliced transcripts. The invention furthermore pro 
vides methods for highly Sensitive and Specific nucleic acid 
detection by fluorescence in Situ hybridization using LNA 
modified oligonucleotides. The present methods greatly 
facilitate the analysis of gene expression patterns from a 
particular species, tissue, cell type. The analysis of the 
human Spliceome provides important information for phar 
macogenetics. Thus, the present methods are highly valuable 
in medical research and diagnostics as well as in drug 
development and toxicological Studies. 

0024. In general, the invention features populations of 
high affinity nucleic acids that have duplex Stabilizing 
properties and thus are useful for a variety of nucleic acid 
detection, amplification, and hybridization methods (e.g., 
expression or mRNA splice variant profiling). Some of these 
oligonucleotides contain novel nucleotides created by com 
bining Specialized Synthetic nucleobases with an LNAback 
bone, thus creating high affinity oligonucleotides with Spe 
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cialized properties Such as reduced Sequence discrimination 
for the complementary Strand or reduced ability to form 
intramolecular double Stranded Structures. The invention 
also provides improved methods for identifying nucleic 
acids in a Sample and for classifying a nucleic acid Sample 
by comparing its pattern of hybridization to an array to the 
corresponding pattern of hybridization of one or more 
Standards to the array (e.g., comparative genomic hybrid 
ization). 
0025. Other desirable modified bases have decreased 
ability to Self-anneal or to form duplexes with oligonucle 
otides containing one or more modified bases. The invention 
also provides arrays of nucleic acids containing these modi 
fied bases that have a decreased variance in melting tem 
perature and/or an increased capture efficiency compared to 
naturally-occurring nucleic acids. These arrays as well as the 
oligonucleotides in Solution can be used in a variety of 
applications for the detection, characterization, identifica 
tion, and/or amplification of one or more target nucleic 
acids. These oligonucleotides and oligonucleotides of the 
invention in general can also be used for Solution assays, 
Such as homogeneous assayS. 
0026 Merged Probes 
0027. In one aspect, the invention features a non-natu 
rally-occurring nucleic acid with a melting temperature that 
is at least 3, 5, 8, 10, 12, 15, 20, 25, 30, 35, or 40° C. higher 
than that of the corresponding control nucleic acid with 
2'-deoxynucleotides. The nucleic acid hybridizes to a first 
region within a first eXon of a target nucleic acid and to a 
Second region within a Second eXon of the target nucleic acid 
that is adjacent to the first eXon. 
0028. In a related aspect, the invention provides a non 
naturally-occurring nucleic acid with a melting temperature 
that is at least 3, 5, 8, 10, 12, 15, 20, 25, 30, 35, or 4° C. 
higher than that of the corresponding control nucleic acid 
with 2'-deoxynucleotides. The nucleic acid hybridizes to a 
first region within an exon of a target nucleic acid and to a 
Second region within an intron of the target nucleic acid that 
is adjacent to the eXon. 
0029. In another aspect, the invention features a non 
naturally-occurring nucleic acid with a melting temperature 
that is at least 3, 5, 8, 10, 12, 15, 20, 25, 30, 35, or 40 C. 
higher than that of the corresponding control nucleic acid 
with 2'-deoxynucleotides. The nucleic acid hybridizes to a 
first region within a first intron of a target nucleic acid and 
to a Second region within a Second intron of the target 
nucleic acid that is adjacent to the first intron. 
0030. In yet another aspect, the invention provides a 
nucleic acid that is a non-naturally-occurring nucleic acid 
with a capture efficiency that is at least 10, 25, 50, 100, 150, 
200, 500, 800, 1000, or 1200% greater than that of a 
corresponding control nucleic acid with 2'-deoxynucleotides 
at the temperature equal to the melting temperature of the 
nucleic acid. The nucleic acid hybridizes to a first region 
within a first exon of a target nucleic acid and to a Second 
region within a Second eXon of the target nucleic acid that is 
adjacent to the first eXon. 
0031. In a related aspect, the invention features a nucleic 
acid that is a non-naturally-occurring nucleic acid with a 
capture efficiency that is at least 10, 25, 50, 100, 150, 200, 
500, 800, 1000, or 1200% greater than that of a correspond 
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ing control nucleic acid with 2'-deoxynucleotides at the 
temperature equal to the melting temperature of the nucleic 
acid. The nucleic acid hybridizes to a first region within an 
exon of a target nucleic acid and to a Second region within 
an intron of the target nucleic acid that is adjacent to the 
CXO. 

0032. In yet another aspect, the invention provides a 
nucleic acid that is a non-naturally-occurring nucleic acid 
with a capture efficiency that is at least 10, 25, 50, 100, 150, 
200, 500, 800, 1000, or 1200% greater than that of a 
corresponding control nucleic acid with 2'-deoxynucleotides 
at the temperature equal to the melting temperature of the 
nucleic acid. The nucleic acid hybridizes to a first region 
within a first intron of a target nucleic acid and to a Second 
region within a Second intron of the target nucleic acid that 
is adjacent to the first intron. 
0033. In desirable embodiments, the nucleic acids of the 
invention featuring a non-naturally occurring nucleic acid 
exhibit increased duplex stability due to slower rates of 
dissociation of the nucleic acid complexes (the off-rate) 
(Christensen et al. 2001, Biochem. J. 354: 481-484). 
0034. In one aspect of the invention the structure of 
desirable adenosine, thymine, guanine and cytosine analogs 
are those disclosed in PCT Publication No. WO 97/12896, 
Formula 5, 6,7,8,9, 10, 11, 12 and 13. These modified bases 
may be incorporated as part of an LNA, DNA, or RNA unit 
and used any of the oligomers of the invention. 
0035) In still another aspect, the invention features a 
nucleic acid that is an LNA (i.e., a nucleic acids with one or 
more LNA units) and that hybridizes to a first region within 
a first exon of a target nucleic acid and to a Second region 
within a Second eXon of the target nucleic acid that is 
adjacent to the first exon. 
0036). In another aspect, the invention features a nucleic 
acid that is an LNA and that hybridizes to a first region 
within an exon of a target nucleic acid and to a Second region 
within an intron of the target nucleic acid that is adjacent to 
the eXon. 

0037. In one aspect, the invention provides nucleic acid 
that is an LNA and that hybridizes to a first region within a 
first intron of a target nucleic acid and to a Second region 
within a Second intron of the target nucleic acid that is 
adjacent to the first intron. 
0.038. In desirable embodiments of any of the above 
aspects, the length of the Segment of the nucleic acid 
hybridizing to the first region and the length of the Segment 
of the nucleic acid hybridizing to the Second region are 
between 3 and 50 nucleotides, 10 and 40 nucleotides, or 20 
and 30 nucleotides, inclusive. The length of the Segment of 
the nucleic acid hybridizing to the first region and the length 
of the Segment of the nucleic acid hybridizing to the Second 
region may be the same length or different lengths. Desir 
ably, the nucleic acid containing LNA units are Symmetri 
cally spaced on both sides of a junction between either two 
exons, an exon and an intron, or two introns, or alternatively, 
the nucleic acid containing LNA units are spaced on both 
Sides of a junction based on equalized duplex melting 
temperatures of the Segments. Desirably, the nucleic acid has 
one or more LNA units within 5, 4, 3, 2, or 1 nucleotides of 
a junction between either two exons, an exon and an intron, 
or two introns. 
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0039. In another aspect, the invention features a popula 
tion of nucleic acids that includes one or more nucleic acids 
of any one of the above aspects. 
0040 
0041. In another aspect, the invention features a non 
naturally-occurring nucleic acid with a melting temperature 
that is at least 3, 5, 8, 10, 12, 15, 20, 25, 30, 35, or 40 C. 
higher than that of the corresponding control nucleic acid 
with 2'-deoxynucleotides. The nucleic acid hybridizes to 
only one exon or to only one intron of a target nucleic acid. 
0042. In a related aspect, the invention features a non 
naturally-occurring nucleic acid with a capture efficiency 
that is at least 10, 25, 50, 100, 150, 200, 500, 800, 1000, or 
1200% greater than that of a corresponding control nucleic 
acid with 2'-deoxynucleotides at the temperature equal to the 
melting temperature of the nucleic acid. The nucleic acid 
hybridizes to only one exon or to only one intron of a target 
nucleic acid. 

0043. In another aspect, the invention features a nucleic 
acid that is an LNA and that hybridizes to only one exon or 
to only one intron of a target nucleic acid. 
0044) In desirable embodiments of the above aspects for 
nucleic acids that hybridizes to only one exon or only one 
intron, the nucleic acid does not hybridize to both an exon 
and an intron. 

0045. In another aspect, the invention features a popula 
tion of nucleic acids that includes one or more nucleic acids 
of any one of the above aspects. 

Internal Probes 

0046 Pharmaceutical Compositions and Nucleic Acid 
Populations 
0047. In another aspect, the invention features a pharma 
ceutical composition that includes one or more of the nucleic 
acids of the invention and a pharmaceutically acceptable 
carrier, Such as one of the carriers described herein. 
0048. In another aspect, the invention features a popula 
tion of two or more nucleic acids of the invention. The 
populations of nucleic acids of the invention may contain 
any number of unique molecules. For example, the popula 
tion may contain as few as 10, 10 2, 10", or 10 unique 
molecules or as many as 107, 108, 109 or more unique 
molecules. In desirable embodiments, at least 1, 5, 10, 50, 
100 or more of the polynucleotide Sequences are a non 
naturally-occurring Sequence. Desirably, at least 20, 40, or 
60% of the unique polynucleotide Sequences are non-natu 
rally-occurring Sequences. Desirably, the nucleic acids are 
all the same length; however, Some of the molecules may 
differ in length. 

0049) Desirable Embodiments of Any of the Above 
Aspects 

0050. In desirable embodiments of any of the above 
aspects, the length of one or more nucleic acids (e.g., nucleic 
acids in a nucleic acid population of the invention) is 
between 15 and 150 nucleotides, 5 and 100 nucleotides, 20 
and 80 nucleotides, or 30 and 60 nucleotides in length, 
inclusive. In particular embodiments, the nucleic acid is 6, 
7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 30, 40, 50 
nucleotides or at least 60, 70, 80, 90, 100, 120, or 130 
nucleotides in length. In additional embodiments, the 
nucleic acid is between 8 and 40 nucleotides, Such as 
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between 9 and 30, or 12 and 25, or 15 and 20 nucleotides. 
Desirably, at least 5, 10, 15, 20, 30, 40, 50, 60, or 70% of the 
nucleotides in the nucleic acid are LNA units. In desirable 
embodiments, every Second nucleotide, every third, every 
fourth nucleotide, every fifth nucleotide, or every sixth 
nucleotide in the nucleic acid is an LNA unit. In various 
embodiments, (i) every Second and every third nucleotide, 
(ii) every Second and every fourth nucleotide, (iii) every 
Second and every fifth nucleotide, (iv) every Second and 
every sixth nucleotide, (v) every third and every fourth 
nucleotide, (vi) every third and every fifth nucleotide, (vii) 
every third and every sixth nucleotide, (viii) every fourth 
and every fifth nucleotide, (ix) every fourth and every sixth 
nucleotide, and/or (x) every fifth and every sixth nucleotide 
in the nucleic acid is an LNA unit. Desirably, every Second, 
every third, and every fourth nucleotide in the nucleic acid 
is an LNA unit. In desirable embodiments, the nucleic acids 
of the invention have one or more of the following substi 
tution patterns which is repeated throughout the nucleic 
acids: XXXX, XXXX, XXXXXX, XXXXXX, XXXXXX, 
XXXXXXXX, XXXXXXXX, XXXXXXXX, or XXXXXXXX in which 
“X” denotes an LNA unit and “X” denotes a DNA or RNA 
unit. In some embodiments, the nucleotides that are not LNA 
units are naturally-occuring DNA or RNA nucleotides. 
0051. In various embodiments, the nucleic acid com 
prises two or more contiguous LNA units. Desirably, the 
nucleic acid comprises at least 2, 3, 4, 5, 6, 7, or 8 contiguous 
LNA units. In desirable embodiments, the number of con 
tiguous LNA units is between 5 and 20% or 10 and 15% of 
the total length of the nucleic acid. In a particular embodi 
ment, 5 contiguous nucleotides of a 50-mer merged probe 
are LNA units. In one embodiment, the nucleic acid does not 
have greatly extended stretches of modified DNA or RNA 
residues, e.g. greater than about 4, 5, 6, 7, or 8 consecutive 
modified DNA or RNA residues. According to this embodi 
ment, one or more non-modified DNA or RNA units are 
present after a consecutive Stretch of about 3, 4, 5, 6, 7, or 
8 modified nucleic acids. 

0.052 Other desirable nucleic acids have an LNA substi 
tution pattern that results in the formation of negligible 
Secondary Structure by the nucleic acids with itself. In one 
Such embodiment, the nucleic acids do not form hairpins or 
do not form other Secondary Structures that would otherwise 
inhibit or prevent their binding to a target nucleic acid. 
Desirably, opposing nucleotides in a palindrome pair or 
opposing nucleotides in inverted repeats or in reverse 
complements are not both LNA units. In various embodi 
ments, the nucleic acids in the first population form less than 
3, 2, or 1 intramolecular base-pairs or base-pairs between 
two identical molecules. In desirable embodiments, the 
nucleic acid does not have LNA-5-nitroindole: LNA-5- 
nitroindole intramolecular base-pairs. 
0053. In other desirable embodiments, at least one LNA 
unit (e.g., at least 2, 3, 4, 5, 6, 7, 8, 9, or 10 LNA units) in 
the nucleic acid hybridizes to a first region within a first exon 
of a target nucleic acid and at least one LNA unit (e.g., at 
least 2,3,4,5,6,7,8,9, or 10 LNA units) in the nucleic acid 
hybridizes to a Second region within a Second eXon of the 
target nucleic acid that is adjacent to the first exon. The 
number of LNA units that bind to each region can be the 
same or different. In Some embodiments, the 5' terminal 
nucleotide of the nucleic acid is or is not an LNA unit. 
Desirably, the 3' terminal nucleotide of the nucleic acid is 
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not an LNA unit (e.g., the nucleic acid may contain a 3 
terminal naturally-occurring nucleotide). 
0054 Desirably, the nucleic acid can distinguish between 
different nucleic acids (e.g., mRNA splice variants) that 
cannot be distinguished using a naturally-occurring control 
nucleic acid (e.g., a control nucleic acid that consists of only 
2'-deoxynucleotides Such as a control nucleic acid of the 
same length as the nucleic acid of the invention). Desirably, 
the hybridization intensity of the nucleic acid for an exon of 
interest is at least 2, 3, 4, 5, 6, or 10 fold greater than the 
hybridization intensity of the nucleic acid for another exon 
in the same target nucleic acid (e.g., mRNA) or in another 
nucleic acid. Desirably, the hybridization intensity of the 
nucleic acid for target nucleic acid is at least 2, 3, 4, 5, 6, or 
10 fold greater than the hybridization intensity for a non 
target nucleic acid with less than 99, 95, 90, 80, 70, or 60% 
Sequence identity to the target nucleic acid. 
0055 Desirably, all of the nucleic acids of the population 
or all of the nucleic acids of a Subpopulation of the popu 
lation are the same length. In Some embodiments, the 
population includes one or more nucleic acids of a different 
length. In Some embodiments, longer nucleic acids contain 
one or more nucleotides with universal bases. For example, 
nucleotides with universal bases can be used to increase the 
thermal stability of nucleic acids that would otherwise have 
a thermal Stability lower than Some or all of the nucleic acids 
in the population. In Some embodiments, one or more 
nucleic acids have a universal base located at the 5' or 3' 
terminus of the nucleic acid. In desirable embodiments, one 
or more (e.g., 2, 3, 4, 5, 6, or more) universal bases are 
located at the 5' and 3' termini of the nucleic acid. Desirably, 
all of the nucleic acids in the population have the same 
number of universal bases. Desirable universal bases include 
inosine, pyrene, 3-nitropyrrole, and 5-nitroindole. 

0056. In desirable embodiments, the nucleic acid has at 
least one LNA A or LNA T. In Some embodiments, each 
nucleic acid has at least one LNAA or LNAT. Desirably, all 
of the adenine and thymine-containing nucleotides in the 
LNA are LNAA and LNAT, respectively. In some embodi 
ments, a nucleic acid with a increased capture efficiency or 
melting temperature compared to a control nucleic acid has 
at least one LNAT or LNAC. In some embodiments, all of 
the thymine and cytosine-containing nucleotides in the LNA 
are LNAT and LNAC, respectively. In some embodiments, 
a nucleic acid with an increased specificity or decreased 
Self-complementarity compared to a control nucleic acid has 
at least one LNAA or LNAC. In some embodiments, all of 
the adenine and cytosine-containing nucleotides in the LNA 
are LNA A and LNAC, respectively. 

0057. Desirably, at least 10, 20, 25, 30, 40, 50, 60, 70,80, 
90, or 100% of the nucleic acids in the population have one 
ore more LNA units. 

0058. In desirable embodiments, the LNA has at least one 
2,6-diaminopurine, 2-aminopurine, 2-thio-thymine, 2-thio 
uracil, inosine, or hypoxanthine base. Desirably, the LNA 
has a nucleotide with a 2'0, 4 C.-methylene linkage between 
the 2' and 4 position of a Sugar moiety. In Some embodi 
ments, one or more nucleic acids in the first population are 
LNA/DNA, LNA/RNA, or LNA/DNA/RNA chimeras. 

0059. In desirable embodiments of any of the above 
aspects, the variance in the melting temperature of the 
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population is at least 10, 20, 30, 40, 50, 60, or 70% less than 
the variance in the melting temperature of the corresponding 
control population of nucleic acids of the same length with 
2'-deoxynucleotides (e.g., DNA nucleotides) instead of LNA 
units or other modified or non-naturally-occurring units. In 
desirable embodiments, the Standard deviation in melting 
temperature is less than 10, 9.5, 9, 8.5, 8, 7.5, 7, 6.5, or 6. 
In certain embodiment, the range in melting temperatures for 
nucleic acids in the population is less than 70, 60, 50, 40, 30, 
or 20° C. Desirably, the variance in the melting temperature 
of the population is less than 59, 50, 40, 30, 25, 20, 15, 10, 
or 5 C. 

0060. In still other embodiments, the nucleic acids are 
covalently bonded to a Solid Support. Desirably, the nucleic 
acids are in a predefined arrangement. In various embodi 
ments, the first population has at least 10; 100; 1,000; 5,000; 
10,000; 100,000; or 1,000,000 different nucleic acids. Desir 
ably, the nucleic acids in the population together hybridize 
to at least 10, 20, 30, 40, 50, 60, 70, 80,90, 95, or 100% of 
the exons of a target nucleic acid. In desirable embodiments, 
the population includes nucleic acids that together hybridize 
to at least 10, 20, 30, 40, 50, 60, 70, 80,90, 95, or 100% of 
the nucleic acids expressed by a particular cell or tissue. In 
Some embodiments, the population includes nucleic acids 
that together hybridize to at least one exon from at least 1.5, 
10, 20, 25, 30, 40, 50, 60, 70, 80, 90, or 100% of the nucleic 
acid Sequences expressed by a particular cell or tissue at a 
given point in time (e.g., an expression array with Sequences 
corresponding to the Sequences of mRNA molecules 
expressed by a particular cell type or a cell under a particular 
Set of conditions). In Some embodiments, the plurality of 
nucleic acids are used as PCR primers or FISH probes. 
0061. Desirable modified bases of the present invention 
when incorporated into the central position of a 9-mer 
oligonucleotide (all other eight residues or units being 
natural DNA or RNA units with natural bases) exhibit a T. 
difference equal to or less than about 15, 12, 10,9,8,7,6, 
5, 4, 3 or 2 C. upon hybridizing to the four complementary 
oligonucleotide variants that are identical except for the unit 
corresponding to the LNA unit, where each variant has one 
of the natural bases uracil, cytosine, thymine, adenine or 
guanine. That is, the highest and the lowest T. (referred to 
herein as the T. differential) obtained with Such four 
complementary sequences is 15,12,10,9,8,7,6,5,4, 3 or 2 C. 
or less. 

0.062 Modified nucleic acid oligomers of the invention 
desirably contain at least one LNA unit, Such as an LNA unit 
with a modified nucleobase. Modified nucleobases or 
nucleosidic bases desirably base-pair with adenine, guanine, 
cytosine, uracil, or thymine. Exemplary oligomers contain 2 
to 100, 5 to 100, 4 to 50, 5 to 50, 5 to 30, or 8 to 15 nucleic 
acid units. In Some embodiments, one or more LNA units 
with natural nucleobases are incorporated into the oligo 
nucleotide at a distance from the LNA unit having a modi 
fied base of 1 to 6 (e.g., 1 to 4) bases. In certain embodi 
ments, at least two LNA units with natural nucleobases are 
flanking an LNA unit having a modified base. Desirably, at 
least two LNA units independently are positioned at a 
distance from the LNA unit having the modified base of 1 to 
6 (e.g., 1 to 4 bases). 
0.063. Desirable modified nucleobases or nucleosidic 
bases for use in nucleic acid compositions of the invention 
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include optionally Substituted carbon alicyclic or carbocy 
clic aryl groups (i.e., only carbon ring members), particu 
larly multi-ring carbocyclic aryl groupS. Such as groups 
having 2, 3, 4, 5, 6, 7, or 8 linked, particularly fused 
carbocyclic aryl moieties. Optionally Substituted pyrene is 
also desirable. Such nucleobases or nucleosidic bases can 
provide Significant performance results, as demonstrated in 
the examples which follow. Heteroalicyclic and heteroaro 
matic nucleobases or nucleosidic bases also are Suitable. In 
Some embodiments, the carbocyclic moiety is linked to the 
1'-position of the LNA unit through a linker (e.g., a branched 
or straight alkylene or alkenylene). 

0064. Desirable LNA units have a carbon or hetero 
alicyclic ring with four to Six ring members, e.g. a furanose 
ring, or other alicyclic ring Structures Such as a cyclopentyl, 
cycloheptyl, tetrahydropyranyl, OXepanyl, tetrahy 
drothiophenyl, pyrrolidinyl, thianyl, thiepanyl, piperidinyl, 
and the like. In one aspect, at least one ring atom of the 
carbon or hetero alicyclic group is taken to form a further 
cyclic linkage to thereby provide a multi-cyclic group. The 
cyclic linkage may include one or more, typically two 
atoms, of the carbon or hetero alicyclic group. The cyclic 
linkage also may include one or more atoms that are 
Substituents, but not ring members, of the carbon or hetero 
alicyclic group. Other desirable LNA units are compounds 
having a Substituent on the 2'-position of the central Sugar 
moiety (e.g., ribose or xylose), or derivatives thereof, which 
favors the C3'-endo conformation, commonly referred to as 
the North (or simply N for short) conformation. These LNA 
units include ENA (2'-O,4'-C-ethylene-bridged nucleic acids 
such as those disclosed in WO 00/47599) units as well as 
non-bridged riboses such as 2'-F or 2'-O-methyl. 

0065 For any of the above aspects, an exemplary control 
nucleic acid has 3-D-2-deoxyribose instead of one or more 
bicyclic or Sugar groups of a LNA unit or other modified or 
non-naturally-occurring units in a nucleic acid of the first 
population. In Some embodiments, the nucleic acid or popu 
lation of the invention and the control nucleic acid or 
population only have naturally-occurring nucleobases. If a 
nucleic acid in the nucleic acid or population of the inven 
tion has one or more non-naturally-occurring nucleobases, 
the capture efficiency of the corresponding control nucleic 
acid is calculated as the average capture efficiency for all of 
the nucleic acids that have either A, T, C, G or mG (methyl 
Cytosin) in each position corresponding to a non-naturally 
occurring nucleobase in the nucleic acid in the first popu 
lation. 

0066 Complex of Target Nucleic Acids and Nucleic Acid 
Probes 

0067. In one aspect, the invention features a complex of 
one or more target nucleic acids and nucleic acid of the 
invention (e.g., nucleic acid probes) in which one or more 
target nucleic acids are hybridized to a plurality of nucleic 
acids of the invention. Desirably, at least 2, 3, 4, 5, 6, 7, 10, 
15, 20, 30, or 40 different target nucleic acids are hybridized. 
In Some embodiments, the target nucleic acids are cDNA 
molecules reverse transcribed from a patient Sample or 
cRNA molecules amplified from a patient Sample using a T7 
RNA polymerase-based linear amplification System or the 
like. The target nucleic acids are labeled prior to hybridiza 
tion to the nucleic acids of invention. 
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0068 Methods for Detecting or Amplifying Target 
Nucleic Acids 

0069. In one aspect, the invention features a method for 
detecting the presence of one or more target nucleic acids in 
a Sample. This method involves incubating a nucleic acid 
Sample with one or more nucleic acids of the invention under 
conditions that allow at least one target nucleic acid to 
hybridize to at least one of the nucleic acids of the invention. 
Desirably, hybridization is detected for at least 2, 3, 4, 5, 6, 
8, 10, or 12 target nucleic acids. In Some embodiments, the 
method further includes contacting the target nucleic acid 
with a Second nucleic acid or a population of Second nucleic 
acids that binds to a different region of the target molecule 
than the first nucleic acid. Desirably, the method further 
involves identifying one or more hybridized target nucleic 
acids and/or determining the amount of one or more hybrid 
ized target nucleic acids. In desirable embodiments, the 
method further includes determining the presence or absence 
of an mRNA splice variant of interest in the sample and/or 
determining the presence or absence of a mutation, deletion, 
and/or duplication of an exon of interest. In Some embodi 
ments, the mutation, deletion, and/or duplication is indica 
tive of a disease, disorder, or condition, Such as cancer. 

0070. In desirable embodiments of any of the above 
detection methods, at least 5, 10, 15, 20, 30, 40, 50, 80, 100, 
150, 200, or more target nucleic acids hybridize to the 
nucleic acids of the invention. Desirably, the method is 
repeated under one or more different incubation conditions. 
In particular embodiments, the method is repeated at 1, 3, 5, 
8, 10, 15, 20, 30, 40 or more different temperatures, cation 
concentrations (e.g., concentrations of monovalent cations 
such as Na+ and K" or divalent cations such as Mg " and 
Ca"), denaturants (e.g., hydrogen bond donors or acceptors 
that interfere with the hydrogen bonds keeping the base 
pairs together Such as formamide or urea). Desirably, the 
method also includes identifying the target nucleic acid 
hybridized to the nucleic acids of the invention and/or 
determining the amount of the target nucleic acid hybridized 
to the nucleic acids of the invention. In particular embodi 
ments, the target nucleic acids are labeled with a fluorescent 
group. In certain embodiments, the labeling is repeated 
using different fluorescent groups (e.g., labelling for So 
called dye-Swap labeling experiments). In desirable embodi 
ments, the determination of the amount of bound target 
nucleic acid involves one or more of the following: (i) 
adjusting for the varying intensity of the excitation light 
Source used for detection of the hybridization, (ii) adjusting 
for photobleaching of the fluorescent group, and/or (iii) 
comparing the fluorescent intensity of the target nucleic 
acid(s) hybridized to the nucleic acids of the invention of 
nucleic acids to the fluorescent intensity of adifferent Sample 
of nucleic acids hybridized to the nucleic acids of the 
invention (e.g., a different sample hybridized to the same 
population of nucleic acids of the invention on the same or 
a different Solid Support Such as the same chip or a different 
chip). Desirably, this comparison in fluorescent intensity 
involves adjusting for a difference in the amount of the 
nucleic acids of the invention used for hybridization to each 
Sample and/or adjusting for a difference in the buffer (e.g., 
a difference in Mg" concentration) used for hybridization to 
each Sample or Scaling for different labeling efficiencies with 
different fluorochromes. 

0.071) Desirably, the target nucleic acids are cDNA mol 
ecules reverse transcribed from a patient Sample or cRNA 
molecules amplified using a T7 RNA polymerase-based 
linear amplification System or the like from a patient Sample. 
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In particular embodiments, the Sample has nucleic acids that 
are amplified using one or more primerS Specific for an exon 
of a target nucleic acid, and the method involves determin 
ing the presence or absence of an mRNA splice variant with 
the exon in the Sample. Desirably, one or more of the primers 
are specific for an exon or exon-exonjunction of a pathogen 
of interest, and the method involves determining the pres 
ence or absence of a nucleic acid with the exon in the 
Sample. 

0072. In a desirable embodiment, the nucleic acids of the 
invention are covalently bonded to a Solid Support by 
reaction of a nucleoside phosphoramidite with an activated 
Solid Support, and Subsequent reaction of a nucleoside 
phosphoramide with an activated nucleotide or nucleic acid 
bound to the Solid Support. In Some embodiments, the Solid 
Support or the growing nucleic acid bound to the Solid 
Support is activated by illumination, a photogenerated acid, 
or electric current. 

0073. In another aspect, the invention features a method 
for amplifying a target nucleic acid molecule. The method 
involves (a) incubating a first nucleic acid of the invention 
with a target nucleic acid under conditions that allow the first 
nucleic acid to bind the target nucleic acid; and (b) extending 
the first nucleic acid with the target nucleic acid as a 
template. Desirably, the method further involves contacting 
the target nucleic acid with a second nucleic acid (e.g., a 
second nucleic acid of the invention) that binds to a different 
region of the target nucleic acid than the first nucleic acid. 
In various embodiments, the Sequence of the target nucleic 
acid is known or unknown. 

0074. In one aspect, the invention features a method of 
detecting a nucleic acid of a pathogen (e.g., a nucleic acid in 
a sample Such as a blood or urine sample from a mammal). 
This method involves contacting a nucleic acid probe of the 
invention (e.g., a probe specific for an exon or a mRNA from 
a particular pathogen or family of pathogens) with a nucleic 
acid Sample under conditions that allow the probe to hybrid 
ize to at least one nucleic acid in the Sample. The probe is 
desirably at least 60, 70,80, 90,95, or 100% complementary 
to a nucleic acid of a pathogen (e.g., a bacteria, Virus, or 
yeast Such as any of the pathogens described herein). 
Hybridization between the probe and a nucleic acid in the 
Sample is detected, indicating that the Sample contains the 
corresponding nucleic acid from a pathogen. In Some 
embodiments, the method is used to determine what Strain of 
a pathogen has infected a mammal (e.g., a human) by 
determining whether a particular nucleic acid is present in 
the Sample. In other embodiments, the probe has a universal 
base in a position corresponding to a nucleotide that varies 
among-different Strains of a pathogen, and thus the probe 
detects the presence of a nucleic acid from any of a multiple 
of pathogenic Strains. 

0075 Methods for Classifying Nucleic Acids Samples 

0076. In one aspect, the invention features a method for 
classifying a test nucleic acid Sample including target 
nucleic acids. This method involves (a) incubating a test 
nucleic acid Sample with a one or more nucleic acids of the 
invention under conditions that allow at least one of the 
nucleic acids in the test Sample to hybridize to at least one 
nucleic acid of the invention, (b) detecting a hybridization 
pattern of the test nucleic acid sample, and (c) comparing the 
hybridization pattern to a hybridization pattern of a first 
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nucleic acid Standard, whereby the comparison indicates 
whether or not the test Sample has the same classification as 
the first standard. Desirably, the method also includes com 
paring a hybridization pattern of the test nucleic acid Sample 
to a hybridization pattern of a Second Standard. In various 
embodiments, a hybridization pattern of the test nucleic acid 
sample is compared to at least 3, 4, 5, 8, 10, 15, 20, 30, 40, 
or more Standards. 

0077. Desirably, the method also includes identifying the 
hybridized target nucleic acid and/or determining the 
amount of hybridized target nucleic acid. In particular 
embodiments, the target nucleic acids are labeled with a 
fluorescent group. Desirably, the first nucleic acid Standard 
is labeled with a different fluorescent group. The fluores 
cence of the target nucleic acids and the first nucleic acid 
Standard can be detected Simultaneously or Sequentially. 

0078. In desirable embodiments, the method further 
includes determining the presence or absence of an mRNA 
Splice variant of interest in the Sample and/or determining 
the presence or absence of a mutation, deletion, and/or 
duplication of an exon of interest. In Some embodiments, the 
mutation, deletion, and/or duplication is indicative of a 
disease, disorder, or condition, Such as cancer. 

0079. In desirable embodiments, the determination of the 
amount of bound target nucleic acid involves one or more of 
the following: (i) adjusting for the varying intensity of the 
excitation light Source used for detection of the hybridiza 
tion, (ii) adjusting for photobleaching of the fluorescent 
group, and/or (iii) comparing the fluorescent intensity of the 
target nucleic acid(s) hybridized to the nucleic acids of the 
invention to the fluorescent intensity of a different sample of 
nucleic acids hybridized to the nucleic acids of the invention 
(e.g., a different sample hybridized to same set of nucleic 
acids of the invention on the same or a different Solid Support 
Such as the same chip or a different chip). Desirably, this 
comparison in fluorescent intensity involves adjusting for a 
difference in the amount of the plurality used for hybridiza 
tion to each Sample and/or adjusting for a difference in the 
buffer (e.g., a difference in Mg" concentration) used for 
hybridization to each Sample. 

0080. Desirably, the nucleic acids in the population 
together hybridize to at least 10, 20, 30, 40, 50, 60, 70, 80, 
90, 95, or 100% of the exons of a target nucleic acid. In 
desirable embodiments, the population includes nucleic 
acids that together hybridize to at least 10, 20, 30, 40, 50, 60, 
70, 80, 90, 95, or 100% of the nucleic acids expressed by a 
particular cell or tissue. In Some embodiments, the popula 
tion includes nucleic acids that together hybridize to at least 
one exon from at least 1, 5, 10, 20, 25, 30, 40, 50, 60, 70, 
80, 90, or 100% of the nucleic acid sequences expressed by 
a particular cell or tissue at a given point in time (e.g., an 
expression array with Sequences corresponding to the 
Sequences of mRNA molecules expressed by a particular 
cell type or a cell under a particular set of conditions). 
Desirably, the method further includes using a nucleic acid 
or a region of a nucleic acid that is present in a first test 
Sample but not present in a first Standard or not present in a 
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Second test Sample as a probe or primer for the detection, 
amplification, or characterization of the nucleic acid. 
0081. In desirable embodiments of any of the above 
methods, at least 5, 10, 15, 20, 30, 40, 50, 80, 100, 150, 200, 
or more target nucleic acids hybridize to the nucleic acids of 
the invention. Desirably, the method is repeated under one or 
more different incubation or hybridization conditions. In 
particular embodiments, the method is repeated at 1, 3, 5, 8, 
10, 15, 20, 30, 40 or more different temperatures, cation 
concentrations (e.g., concentration of monovalent cations 
such as Na+ and K" or divalent cations such as Mg" and 
Ca), denaturants (e.g., hydrogen bond donors or acceptors 
that interfere with the hydrogen bonds keeping the base 
pairs together Such as formamide or urea). 
0082 In particular embodiments, the sample has nucleic 
acids that are amplified using one or more primerS Specific 
for an exon of a target nucleic acid, and the method involves 
determining the presence or absence of an mRNA splice 
variant with the eXon in the Sample. Desirably, one or more 
of the primers are specific for an exon or exon-exonjunction 
of a pathogen of interest, and the method involves deter 
mining the presence or absence of a nucleic acid with the 
exon in the Sample. 
0083. Desirably, the comparison of the hybridization 
pattern of a patient nucleic acid Sample to that of one or more 
Standards is used to determine whether or not a patient has 
a particular disease, disorder, condition, or infection or an 
increased risk for a particular disease, disorder, condition, or 
infection. In Some embodiments, the comparison is used to 
determine what pathogen has infected a patient and to Select 
a therapeutic for the treatment of the patient. Desirably, the 
comparison is used to Select a therapeutic for the treatment 
or prevention of a disease or disorder in the patient. In yet 
other embodiments, the comparison is used to include or 
exclude the patient from a group in a clinical trial. Desirably, 
the comparison is used to compare the expression of nucleic 
acids (e.g., mRNA splice forms associated with toxicity) in 
the presence and absence of a candidate compound (e.g., a 
lead compound for drug development). In other embodi 
ments, the comparison is used to determine differences in 
expression of nucleic acids (e.g., mRNA splice variants) 
under particular conditions (e.g., under different environ 
mental stress conditions) or at different developmental time 
points. In particular embodiments, the expression of one or 
more members from a particular enzyme class (e.g., protein 
kinase splice variants) is measured. 
0084. In a desirable embodiment, the nucleic acids of the 
invention are covalently bonded to a Solid Support by 
reaction of a nucleoside phosphoramidite with an activated 
Solid Support, and Subsequent reaction of a nucleoside 
phosphoramide with an activated nucleotide or nucleic acid 
bound to the Solid Support. In Some embodiments, the Solid 
Support or the growing nucleic acid bound to the Solid 
Support is activated by illumination, a photogenerated acid, 
or electric current. 

0085. The use of a variety of different monomers in the 
nucleic acids of the invention offers a means to “fine tune” 
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the chemical, physical, biological, pharmacokinetic, and 
pharmacological properties of the nucleic acids thereby 
facilitating improvement in their Safety and efficacy profiles 
when used as a therapeutic drug. 

0.086 Applications for the Nucleic Acids of the Invention 

0087. In another aspect, the invention features the use of 
one ore more nucleic acids of the invention for the detection, 
amplification, or classification of a nucleic acid of interest or 
a population of nucleic acids of interest. 

0088. In another aspect, the invention features the use of 
one or more nucleic acids of the invention for alternative 
mRNA splice variant detection, expression profiling, com 
parative genomic hybridization, or real-time PCR. In exem 
plary real-time PCR applications, the nucleic acids are used 
to determine the amount of one or more target nucleic acids 
(e.g., mRNA splice variants) in a Sample. In particular 
embodiments, fluorescently labeled RT-PCR products from 
the amplification of a test nucleic acid Sample are hybridized 
to a population of nucleic acids of the invention. Desirably, 
the amount of one or more RT-PCR products is measured to 
determine the amount of the corresponding nucleic acid in 
the initial Sample. 

0089. In yet another aspect, the invention features the use 
of a nucleic of the invention as a PCR primer or FISH probe. 

0090 Methods for Selecting a Population of Nucleic 
Acid 

0.091 In one aspect, the invention features a method of 
Selecting a nucleic acid for a population of nucleic acids. 
This method involves (a) determining the melting tempera 
ture of a nucleic acid of the invention, determining the 
ability of the nucleic acid to Self-anneal, determining the 
ability of the nucleic acid to hybridize to one or more exons 
or introns of a target nucleic acid, and/or determining the 
ability of the nucleic acid to hybridize to a non-target nucleic 
acid, and (b) selecting the nucleic acid for inclusion or 
exclusion from the population based on the determination in 
Step (a). In desirable embodiments, step (a) is performed for 
at least 2, 3, 4, 5, 6, 10, 20, 50, 100, 200, 500, 1,000, 5,000 
or more nucleic acids, and a Subset of the nucleic acids are 
Selected for inclusion in the population based on the deter 
mination in Step (a). Desirably, the nucleic acids with the 
highest melting temperatures and/or ability to hybridize to 
one or more exons or introns of a target nucleic acid are 
selected. Desirably, the nucleic acids with the lowest ability 
to Self-anneal and/or hybridize to a non-target nucleic acid 
are Selected. 

0092 Databases with Hybridization Patterns of Nucleic 
Acids Samples and/or Standards 

0093. The invention also features a variety of databases. 
These databases are useful for Storing the information 
obtained in any of the methods of the invention. These 
databases may also be used in the diagnosis of disease or an 
increased risk for a disease or in the Selection of a desirable 
therapeutic for a particular patient or class of patients. 
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0094. Accordingly, in one such aspect, the invention 
provides an electronic database including at least 1, 10, 10, 
10, 5x10, 10, 10, 10, 107, 10, or 10 records of a 
nucleic acid of interest or a population of nucleic acids of 
interest (e.g., one or more nucleic acids in a standard or in 
a test nucleic acid sample) correlated to records of its 
hybridization pattern to a plurality of nucleic acids of the 
invention under one or more incubation conditions (e.g., one 
or more temperatures, denaturant concentrations, or Salt 
concentrations). 
0095. In another aspect, the invention features computer 
including the database of the above aspect and a user 
interface (i) capable of displaying a hybridization pattern for 
a nucleic acid of interest or a population of nucleic acids of 
interest whose record is stored in the computer or (ii) 
capable of displaying a nucleic acid of interest (e.g., dis 
playing the polynucleotide Sequence or another identifying 
characteristic of the nucleic acid of interest) or a population 
of nucleic acids of interest that produces a hybridization 
pattern whose record is Stored in the computer. 

0096 Methods for Silencing a Target Nucleic Acid in a 
Cell or Animal 

0097. One method for inhibiting specific gene expression 
involves the use of antisense or double Stranded oligonucle 
otides, which are complementary to a specific target mes 
senger RNA (mRNA) sequence, such as a specific mRNA 
Splice variant. Of Special interest are oligonucleotides with 
a modified backbone (such as LNA or phosphorothioate) 
that are not readily degraded by endonucleases in the target 
cells. 

0098. In one aspect, the invention features the use of a 
nucleic acid of the invention for the manufacture of a 
pharmaceutical composition for treatment of a disease cur 
able by an antisense or RNAi technology. 

0099. In one aspect, the invention provides a method for 
inhibiting the expression of a target nucleic acid in a cell. 
The method involves introducing into the cell a nucleic acid 
of the invention in an amount Sufficient to Specifically 
attenuate expression of the target nucleic acid. The intro 
duced nucleic acid has a nucleotide Sequence that is essen 
tially complementary to a region of desirably at least 20 
nucleotides of the target nucleic acid. Desirably, the cell is 
in a mammal. 

0100. In a related aspect, the invention provides a method 
for preventing, Stabilizing, or treating a disease, disorder, or 
condition associated with a target nucleic acid in a mammal. 
This method involves introducing into the mammal a nucleic 
acid of the invention in an amount Sufficient to specifically 
attenuate expression of the target nucleic acid, wherein the 
introduced nucleic acid has a nucleotide Sequence that is 
essentially complementary to a region of desirably at least 
20 nucleotides of the target nucleic acid. 

0101. In another aspect, the invention provides a method 
for preventing, Stabilizing, or treating a pathogenic infection 
in a mammal by introducing into the mammal a nucleic acid 
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of the invention in an amount Sufficient to Specifically 
attenuate expression of a target nucleic acid of a pathogen. 
The introduced nucleic acid has a nucleotide Sequence that 
is essentially complementary to a region of desirably at least 
20 nucleotides of the target nucleic acid. 
0102) In desirable embodiments of the therapeutic meth 
ods of the above aspects, the mammal is a human. In Some 
embodiments, the introduced nucleic acid is single Stranded 
or double stranded. 

0103 With respect to the therapeutic methods of the 
invention, it is not intended that the administration of nucleic 
acids to a mammal be limited to a particular mode of 
administration, dosage, or frequency of dosing; the present 
invention contemplates all modes of administration, includ 
ing oral, intraperitoneal, intramuscular, intravenous, intraar 
ticular, intralesional, Subcutaneous, or any other route Suf 
ficient to provide a dose adequate to prevent or treat a 
disease (e.g., a disease associated with the expression of a 
target nucleic acid that is Silenced with a nucleic acid of the 
invention). One or more nucleic acids may be administered 
to the mammal in a single dose or multiple doses. When 
multiple doses are administered, the doses may be separated 
from one another by, for example, one week, one month, one 
year, or ten years. It is to be understood that, for any 
particular Subject, Specific dosage regimes should be 
adjusted over time according to the individual need and the 
professional judgment of the person administering or Super 
Vising the administration of the compositions. 
0104 Exemplary mammals that can be treated using the 
methods of the invention include humans, primates Such as 
monkeys, animals of Veterinary interest (e.g., cows, sheep, 
goats, buffalos, and horses), and domestic pets (e.g., dogs 
and cats). Exemplary cells in which one or more target genes 
can be Silenced using the methods of the invention include 
invertebrate, plant, bacteria, yeast, and vertebrate (e.g., 
mammalian or human) cells. 
0105 Optimum dosages for gene Silencing applications 
may vary depending on the relative potency of individual 
oligonucleotides, and can generally be estimated based on 
EC, values found to be effective in in vitro and in vivo 
animal models. In general, dosage is from 0.001 ug to 100 

Nov. 4, 2004 
10 

g per kg of body weight (e.g., 0.001 ug/kg to 1 g/kg), and 
may be given once or more daily, weekly, monthly or yearly, 
or even once every 2 to 20 years (U.S.P.N. 6,440,739). 
Persons of ordinary skill in the art can easily estimate 
repetition rates for dosing based on measured residence 
times and concentrations of the drug in bodily fluids or 
tissues. Following Successful treatment, it may be desirable 
to have the patient undergo maintenance therapy to prevent 
the recurrence of the disease State, wherein the oligonucle 
otide is administered in maintenance doses, ranging from 
0.001 ug to 100g per kg of body weight (e.g., 0.001 1 g/kg 
to 1 g/kg), once or more daily, to once every 20 years. If 
desired, conventional treatments may be used in combina 
tion with the nucleic acids of the present invention. 
0106 Suitable carriers include, but are not limited to, 
Saline, buffered Saline, dextrose, water, glycerol, ethanol, 
and combinations thereof. The composition can be adapted 
for the mode of administration and can be in the form of, for 
example, a pill, tablet, capsule, Spray, powder, or liquid. In 
Some embodiments, the pharmaceutical composition con 
tains one or more pharmaceutically acceptable additives 
Suitable for the Selected route and mode of administration. 
These compositions may be administered by, without limi 
tation, any parenteral route including intravenous, intra 
arterial, intramuscular, Subcutaneous, intradermal, intraperi 
toneal, intrathecal, as well as topically, orally, and by 
mucosal routes of delivery Such as intranasal, inhalation, 
rectal, vaginal, buccal, and Sublingual. In Some embodi 
ments, the pharmaceutical compositions of the invention are 
prepared for administration to vertebrate (e.g., mammalian) 
Subjects in the form of liquids, including Sterile, non 
pyrogenic liquids for injection, emulsions, powders, aero 
Sols, tablets, capsules, enteric coated tablets, or Supposito 
CS. 

0107 Exemplary Oligomers of the Invention and Meth 
ods for Synthesizing Them 

0108. In desirable embodiments, the invention features a 
method of Synthesizing a nucleic acid. This method involves 
Synthesizing a 2-thio-uridine nucleoside or nucleotide of 
formula IV using a compound of formula VIII, IX, X, XI, or 
XII as shown below. The nucleoside, nucleoside phosphora 
midite, or nucleotide is incorporated into a nucleic acid of 
the invention. 

VII 
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0109. In a particular embodiment, nucleobase thiolation 
is performed on the O2 position of compound XI to form 
compound IV. In another embodiment, Sulphurization on 
both O and 04 in compound VIII generates a 2,4-dithio 
uridine nucleoside or nucleotide of formula X which is 
converted into compound IV. In yet another embodiment, a 
cyclic ether of formula XI is transferred into compound IV 
or a 2-O-alkyl-uridine nucleoside or nucleotide of for 
mula XII through reaction with the 5' position. In other 
embodiments, a 2-O-alkyl-uridine nucleoside or nucle 
otide of formula XII is generated by direct alkylation of a 
uridine nucleoside or nucleotide of formula VIII. 

0110. In desirable embodiments R* and Rare each inde 
pendently alkyl (e.g., methyl or ethyl), acyl (e.g., acetyl or 
benzoyl), or any appropriate protecting group Such as Sillyl, 
4,4'-dimethoxytrityl, monomethoxytrityl, or trityl(triphenyl 
methyl). R" is any appropriate protecting group Such as 
silyl, 4,4'-dimethoxytrityl, monomethoxytrityl, trityl(triph 
enylmethyl), acetyl, benzoyl, or benzyl. In desirable 
embodiments, R is hydrogen, alkyl (e.g., methyl or ethyl), 
1-propynyl, thiazol-2-yl, pyridine-2-yl, thien-2-yl, imidazol 
2-yl, (4/5-methyl)-thiazol-2-yl, 3-(iodoacetamido)propyl, 
4-N,N-bis(3-aminopropyl)aminobutyl), or halo (e.g., 
chloro, bromo, iodo, fluoro). 
0111] The group —OR in the formulas IV, VIII, IX, X, 
XI, and XII is any of the groups listed for R or R' in 
formula IIa or formula Ib or listed for R or R in formula 

Ia, Scheme A, or Scheme B, or the group -OR or Rin the 
formulas IV, VIII, IX, X, XI, and XII is selected from the 
group consisting of H, -OH, P(Q(CH)CN)N(iPr), 
P(O(CH2)CN)N(iPr), phosphate, phosphorothioate, phos 
phorodithioate, phosphoramidate, phosphoroSelenoate, 
phosphorodiselenoate, alkylphosphotriester, methyl phos 
phonate, halo (e.g., chloro, fluoro, iodo, or bromo), option 
ally Substituted aryl, (e.g., phenyl or benzyl), alkyl (e.g., 
methyl or ethyl), alkoxy (e.g., methoxy), acyl (e.g., acetyl or 
benzoyl), aroyl, aralkyl, hydroxy, hydroxyalkyl, alkoxy, 
aryloxy, aralkoxy, nitro, cyano, carboxy, alkoxycarbonyl, 
aryloxycarbonyl, aralkoxycarbonyl, acylamino, aroylamine, 
alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl, alkylsulfi 
nyl, arylsulfinyl, heteroarylsulfinyl, alkylthio, arylthio, het 
eroarylthio, aralkylthio, heteroaralkylthio, amidino, amino, 
carbamoyl, Sulfamoyl, alkene, alkyne, protecting groups 
(e.g., Sillyl, 4,4'-dimethoxytrityl, monomethoxytrityl, or tri 
tyl(triphenylmethyl)), linkers (e.g., a linker containing an 
amine, ethylene glycol, quinone Such as anthraquinone), 
detectable labels (e.g., radiolabels or fluorescent labels), and 
biotin. 

0112) The group —OR in the formulas IV, and VIII, IX, 
X, and XII is any of the groups listed for R or Rin formula 
Ia or formula Ib or listed for R or Rin formula Ia, Scheme 
A, or Scheme B, or the group -OR or R0 in the formulas 
IV, and VIII, IX, X, and XII is selected from the group 
consisting of H, -OH, P(O(CH2)CN)N(iPr), 
P(O(CH2)CN)N(iPr), phosphate, phosphorothioate, phos 
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phorodithioate, phosphoramidate, phosphoroSelenoate, 
phosphorodiselenoate, alkylphosphotriester, methyl phoS 
phonate, halo (e.g., chloro, fluoro, iodo, or bromo), option 
ally Substituted aryl, (e.g., phenyl or benzyl), alkyl (e.g., 
methyl or ethyl), alkoxy (e.g., methoxy), acyl (e.g. acetyl or 
benzoyl), aroyl, aralkyl, hydroxy, hydroxyalkyl, alkoxy, 
aryloxy, aralkoxy, nitro, cyano, carboxy, alkoxycarbonyl, 
aryloxycarbonyl, aralkoxycarbonyl, acylamino, aroylamine, 
alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl, alkylsulfi 
nyl, arylsulfinyl, heteroarylsulfinyl, alkylthio, arylthio, het 
eroarylthio, aralkylthio, heteroaralkylthio, amidino, amino, 
carbamoyl, Sulfamoyl, alkene, alkyne, protecting groups 
(e.g., Sillyl, 4,4'-dimethoxytrityl, monomethoxytrityl, or tri 
tyl(triphenylmethyl)), linkers (e.g., a linker containing an 
amine, ethylene glycol, quinone Such as anthraquinone), 
detectable labels (e.g., radiolabels or fluorescent labels), and 
biotin. 

0113. In yet another aspect, the invention features a 
method of Synthesizing a nucleic acid. This method involves 
Synthesizing a 2-thiopyrimidine nucleoside or nucleotide of 
formula IV using a compound of formula III or compounds 
of the formula I, II, and III as shown below. The nucleoside, 
nucleoside phosphoramidite, or nucleotide is incorporated 
into a nucleic acid of the invention. 

O 

R 
NH 

-s, 
H 

I 

5 

r R1 
41 OR3 dR2 

I 

R 

R 

O 

R 
NH 

5 R -N -- 
N S 

O 

III 

0114. In some embodiments, lewis acid-catalyzed con 
densation of a Substituted Sugar of formula I and a Substi 
tuted 2-thio-uracil of formula II results in a Substituted 
2-thio-uridine nucleoside or nucleotide of the formula III. In 
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Some embodiments, a compound of formula III is converted 
into a LNA 2-thiouridine nucleoside or nucleotide of for 
mula IV. 

0115) In desirable embodiments R" and R are, e.g., 
methaneSulfonyloxy, p-toluenesulfonyloxy, or any appropri 
ate protecting group Such as Sillyl, 4,4'-dimethoxytrityl, 
monomethoxytrityl, trityl(triphenylmethyl), acetyl, benzoyl, 
or benzyl, R" is, e.g., acetyl, benzoyl, alkoxy (e.g., meth 
oxy). R is, e.g.,acetyl or benzoyl, and R is any appropriate 
protecting group Such as Sillyl, 4,4'-dimethoxytrityl, 
monomethoxytrityl, trityl(triphenylmethyl), acetyl, or ben 
Zoyl. In desirable embodiments, R is hydrogen, alkyl (e.g. 
methyl or ethyl), 1-propynyl, thiazol-2-yl, pyridine-2-yl, 
thien-2-yl, imidazol-2-yl, (4/5-methyl)-thiazol-2-yl, 3-(io 
doacetamido)propyl, 4-N,N-bis(3-aminopropyl)aminobu 
tyl), or halo (e.g., chloro, bromo, iodo, fluoro). 
0116) The group -OR- in the formulas I, III, and IV is 
any of the groups listed for R or Rin formula Ia or formula 
Ib or listed for R or R in formula Ia, Scheme A, or Scheme 
B, or the group -OR or R in the formulas I, III, and IV 
is Selected from the group consisting of H, -OH, 
P(O(CH2)CN)N(iPr), phosphate, phosphorothioate, phos 
phorodithioate, phosphoramidate, phosphoroSelenoate, 
phosphorodiselenoate, alkylphosphotriester, methyl phos 
phonate, halo (e.g., chloro, fluoro, iodo, or bromo), option 
ally Substituted aryl, (e.g., phenyl or benzyl), alkyl (e.g., 
methyl or ethyl), alkoxy (e.g., methoxy), acyl (e.g. acetyl or 
benzoyl), aroyl, aralkyl, hydroxy, hydroxyalkyl, alkoxy, 
aryloxy, aralkoxy, nitro, cyano, carboxy, alkoxycarbonyl, 
aryloxycarbonyl, aralkoxycarbonyl, acylamino, aroylamine, 
alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl, alkylsulfi 
nyl, arylsulfinyl, heteroarylsulfinyl, alkylthio, arylthio, het 
eroarylthio, aralkylthio, heteroaralkylthio, amidino, amino, 
carbamoyl, Sulfamoyl, alkene, alkyne, protecting groups 
(e.g., Sillyl, 4,4'-dimethoxytrityl, monomethoxytrityl, or tri 
tyl(triphenylmethyl)), linkers (e.g., a linker containing an 
amine, ethylene glycol, quinone Such as anthraquinone), 
detectable labels (e.g., radiolabels or fluorescent labels), and 
biotin. 

0117) The group R in the formulas I, III, and IV is any 
of the groups listed for R or Rin formula Ia or formula Ib 
or listed for R or R in formula Ia, Scheme A, or Scheme 
B, or R in the formulas I, III, and IV is selected from the 
group consisting of H, -OH, P(O(CH)CN)N(iPr), phos 
phate, phosphorothioate, phosphorodithioate, phosphorami 
date, phosphoroSelenoate, phosphorodiselenoate, alkylphos 
photriester, methyl phosphonate, halo (e.g., chloro, fluoro, 
iodo, or bromo), optionally Substituted aryl, (e.g., phenyl or 
benzyl), alkyl (e.g., methyl or ethyl), alkoxy (e.g., methoxy), 
acyl (e.g. acetyl or benzoyl), aroyl, aralkyl, hydroxy, 
hydroxyalkyl, alkoxy, aryloxy, aralkoxy, nitro, cyano, car 
boxy, alkoxycarbonyl, aryloxycarbonyl, aralkoxycarbonyl, 
acylamino, aroylamine, alkylsulfonyl, arylsulfonyl, het 
eroarylsulfonyl, alkylsulfinyl, arylsulfinyl, heteroarylsulfi 
nyl, alkylthio, arylthio, heteroarylthio, aralkylthio, het 
eroaralkylthio, amidino, amino, carbamoyl, Sulfamoyl, 
alkene, alkyne, protecting groups (e.g., Sillyl, 4,4'-dimethox 
ytrityl, monomethoxytrityl, or trityl(triphenylmethyl)), link 
ers (e.g., a linker containing an amine, ethylene glycol, 
quinone Such as anthraquinone), detectable labels (e.g., 
radiolabels or fluorescent labels), and biotin. 
0118. In still another aspect, the invention features a 
method of Synthesizing a nucleic acid. This method involves 
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Synthesizing a 2-thiopyrimidine nucleoside or nucleotide of 
formula IV using a compound of formula VII, compounds of 
the formula V, VI, and VII, or compounds of the formula I, 
V, VI, and VII as shown below. The nucleoside, nucleoside 
phosphoramidite, or nucleotide is incorporated into a nucleic 
acid of the invention. 
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0119). In some embodiments, a 2-thio-uridine nucleoside 
or nucleotide of the formula IV is synthesized through 
ring-Synthesis of the nucleobase by reaction of an amino 
Sugar of the formula V and a Substituted isothiocyanate of 
the formula VI. 

0120 In desirable embodiments, R" and R are each 
idenpendently, e.g., methaneSulfonyloxy, p-toluenesulfony 
loxy, or any appropriate protecting group Such as Sillyl, 
4,4'-dimethoxytrityl, monomethoxytrityl, trityl(triphenylm 
ethyl), acetyl, benzoyl, or benzyl. R" is, e.g., acetyl or 
benzoyl or alkoxy (e.g., methoxy), and Ris, e.g., acetyl or 
benzoyl, R is any appropriate protecting group Such as 
silyl, 4,4'-dimethoxytrityl, monomethoxytrityl, trityl(triph 
enylmethyl), acetyl, or benzoyl. R are R each idenpen 
dently, e.g., hydrogen or alkyl (e.g. methyl or ethyl). R can 
also be, e.g., an appropriate protecting group Such as Sillyl, 
4,4'-dimethoxytrityl, monomethoxytrityl, or trityl(triphenyl 

13 
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methyl). In desirable embodiments, R is hydrogen or 
methyl, and R is methyl or ethyl. 

0121 The group -OR in the formulas I, V, VII, and IV 
is any of the groups listed for R or R." in formula Ia or 
formula Ib or listed for R or R in formula Ia, Scheme A, 
or Scheme B, or the group -ORor R in the formulas I, V, 
VII, and IV is selected from the group consisting of H, 
-OH, P(O(CH2)CN)N(iPr), phosphate, phosphorothio 
ate, phosphorodithioate, phosphoramidate, phosphorosele 
noate, phosphorodiselenoate, alkylphosphotriester, methyl 
phosphonate, halo (e.g., chloro, fluoro, iodo, or bromo), 
optionally Substituted aryl, (e.g., phenyl or benzyl), alkyl 
(e.g., methyl or ethyl), alkoxy (e.g., methoxy), acyl (e.g. 
acetyl or benzoyl), aroyl, aralkyl, hydroxy, hydroxyalkyl, 
alkoxy, aryloxy, aralkoxy, nitro, cyano, carboxy, alkoxycar 
bonyl, aryloxycarbonyl, aralkoxycarbonyl, acylamino, aroy 
lamine, alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl, 
alkylsulfinyl, arylsulfinyl, heteroarylsulfinyl, alkylthio, 
arylthio, heteroarylthio, aralkylthio, heteroaralkylthio,ami 
dino, amino, carbamoyl, Sulfamoyl, alkene, alkyne, protect 
ing groups (e.g., Sillyl, 4,4'-dimethoxytrityl, monomethox 
ytrityl, or trityl(triphenylmethyl)), linkers (e.g., a linker 
containing an amine, ethylene glycol, quinone Such as 
anthraquinone), detectable labels (e.g., radiolabels or fluo 
rescent labels), and biotin. 

0122) R' in the formulas I, V, VII, and IV is any of the 
groups listed for R or R in formula Ia or formula Ib or 
listed for R or R in formula Ia, Scheme A, or Scheme B, 
or R in the formulas I, V, VII, and IV is selected from the 
group consisting of H, -OH, P(O(CH2)CN)N(iPr), phos 
phate, phosphorothioate, phosphorodithioate, phosphorami 
date, phosphoroSelenoate, phosphorodiselenoate, alkylphos 
photriester, methyl phosphonate, halo (e.g., chloro, fluoro, 
iodo, or bromo), optionally Substituted aryl, (e.g., phenyl or 
benzyl), alkyl (e.g., methyl or ethyl), alkoxy (e.g., methoxy), 
acyl (e.g. acetyl or benzoyl), aroyl, aralkyl, hydroxy, 
hydroxyalkyl, alkoxy, aryloxy, aralkoxy, nitro, cyano, car 
boxy, alkoxycarbonyl, aryloxycarbonyl, aralkoxycarbonyl, 
acylamino, aroylamine, alkylsulfonyl, arylsulfonyl, het 
eroarylsulfonyl, alkylsulfinyl, arylsulfinyl, heteroarylsulfi 
nyl, alkylthio, arylthio, heteroarylthio, aralkylthio, het 
eroaralkylthio, amidino, amino, carbamoyl, Sulfamoyl, 
alkene, alkyne, protecting groups (e.g., Sillyl, 4,4'-dimethox 
ytrityl, monomethoxytrityl, or trityl(triphenylmethyl)), link 
ers (e.g., a linker containing an amine, ethylene glycol, 
quinone Such as anthraquinone), detectable labels (e.g., 
radiolabels or fluorescent labels), and biotin. 

0123. In another aspect, the invention features a method 
of Synthesizing a nucleic acid. This method involves Syn 
thesizing a 2-thiopyrimidine nucleoside as shown below. In 
desirable embodiments, the method further compriseS react 
ing one or both compounds of the formula 4 with a phos 
phodiamidite (e.g., 2-cyanoethyl tetraiSopropylphospho 
rodiamidite) to produce the corresponding nucleoside 
phosphoramidite. The nucleoside, nucleoside phosphora 
midite, or nucleotide is incorporated into a nucleic acid of 
the invention. 
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0.124. In Some embodiments, a glycosyl-donor is coupled other appropriate protecting groups instead of Bn (benzyl), 
to a nucleobase as shown in pathway A. In other embodi- Ac (acetyl), or Ms (methanSulfonyl). 
ments, ring Synthesis of the nucleobase is performed as Show 
in pathway B. In still other embodiments, LNA-T diol is 
modified as shown in pathway C. BO 

0.125. In desirable embodiments, R is hydrogen, methyl, O OAc 
1-propynyl, thiazol-2-yl, pyridine-2-yl, thien-2-yl, imidazol 
2-yl, (4/5-methyl)-thiazol-2-yl, 3-(iodoacetamido)propyl, 
4-N,N-bis(3-aminopropyl)aminobutyl, or halo (e.g., 
chloro, bromo, iodo, fluoro). Desirably, R, R2, and R are 
each any appropriate protecting group Such as acetyl, ben 
Zyl, Sillyl, 4,4'-dimethoxytrityl, monomethoxytrityl, or trityl 
(triphenylmethyl). HN 

0126. In another aspect, the invention features a method 1. 
of Synthesizing a nucleic acid. This method involves Syn- BnO S N 
thesizing a 2-thiopyrimidine nucleoside or nucleotide of 
formula 4 using a compound of formula 3, compounds of the 
formula 2 and 3, or compounds of the formula 1, 2, 3, and 
4 as shown below. The nucleoside, nucleoside phosphora- MsO1 OBn OAc 
midite, or nucleotide is incorporated into a nucleic acid of 
the invention. This method can also be performed using any 

MSO OBn OAc 
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0127. In desirable embodiments, the method further com 
priseS reacting one or both compounds of the formula 4 with 
a phosphodiamidite (e.g., 2-cyanoethyl tetraisopropylphos 
phorodiamidite) to produce the corresponding nucleoside 
phosphoramidite. 

0128. In another aspect, the invention features a method 
of Synthesizing a nucleic acid. This method involves Syn 
thesizing a nucleoside or nucleotide of formula 10 or 11 
using a compound of any one of the formula 6-9, compounds 
of the formula 5 and any one of the formulas 6-9, or 
compounds of the formula 4, 5, and any one of the formulas 
6-9 as shown below. The nucleoside, nucleoside phosphora 
midite, or nucleotide is incorporated into a nucleic acid of 
the invention. This method can also be performed using any 
other appropriate protecting groups instead of DMT, Bn, Ac, 
or MS. 
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0129. In some embodiments, a compound of formula 4 is 
used as a glycosyl donor in a coupling reaction with Sillylated 
hypoxantine to form a compound of the formula 5. In certain 
embodiments, a compound of the formula 5 is used in a ring 
closing reaction to form a compound of the formula 6. 
Desirably, deprotection of the 5'-hydroxy group of com 
pound 6 is performed by displacing the 5'-O-meSyl group 
with Sodium benzoate to produce a compound of the formula 
7 that is converted into a compound of the formula 8 after 
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Saponification of the 5'-benzoate. In Some embodiments, 
compound 8 is converted to a DMT-protected compound 9 
prior to debenzylation of the 3'-O-hydroxy group. In 
desirable embodiments, a phosphoramidite of the formula 11 
is generated by phosphitylation of a nucleoside of the 
formula 10. 

0130. In desirable embodiments, the R is H or 
P(O(CH2)CN)N(iPr). In other embodiments, the group R' 
or -OR' is any of the groups listed for R or R in formula 
Ia or formula Ib or listed for R or R in formula Ia, Scheme 
A, or Scheme B, or the group -OR or R is selected from 
the group consisting of-OH, P(O(CH2)CN)N(iPr), phos 
phate, phosphorothioate, phosphorodithioate, phosphorami 
date, phosphoroSelenoate, phosphorodiselenoate, alkylphos 
photriester, methyl phosphonate, halo (e.g., chloro, fluoro, 
iodo, or bromo), optionally Substituted aryl, (e.g., phenyl or 
benzyl), alkyl (e.g., methyl or ethyl), alkoxy (e.g., methoxy), 
acyl (e.g. acetyl or benzoyl), aroyl, aralkyl, hydroxy, 
hydroxyalkyl, alkoxy, aryloxy, aralkoxy, nitro, cyano, car 
boxy, alkoxycarbonyl, aryloxycarbonyl, aralkoxycarbonyl, 
acylamino, aroylamine, alkylsulfonyl, arylsulfonyl, het 
eroarylsulfonyl, alkylsulfinyl, arylsulfinyl, heteroarylsulfi 
nyl, alkylthio, arylthio, heteroarylthio, aralkylthio, het 
eroaralkylthio.amidino, amino, carbamoyl, Sulfamoyl, 
alkene, alkyne, protecting groups (e.g., Sillyl, 4,4'-dimethox 
ytrityl, monomethoxytrityl, or trityl(triphenylmethyl)), link 
ers (e.g., a linker containing an amine, ethylene glycol, 
quinone Such as anthraquinone), detectable labels (e.g., 
radiolabels or fluorescent labels), and biotin. 

0131. In another aspect, the invention features a method 
of Synthesizing a nucleic acid. This method involves Syn 
thesizing a nucleoside or nucleotide of formula 20 or 21 as 
shown below, in which compound 4 is the Same Sugar shown 
in the above aspect. The nucleoside, nucleoside phosphora 
midite, or nucleotide is incorporated into a nucleic acid of 
the invention. This method can also be performed using any 
other appropriate protecting groups instead of DMT, Bn, BZ 
(benzoyl), Ac, or Ms. Additionally, the method can be 
performed with any other halogen (e.g., fluoro or bromo) 
instead of chloro. 
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0.132. In desirable embodiments to promote the ring 
closing reaction, a Solution of compound 14 in aqueous 
1,4-dioxane is treated with Sodium hydroxide to give a 
bicyclic compound 15. In Some embodiments, Sodium ben 
Zoate is used for displacement of 5'-meSylate of compound 
15 to give compound 16. In Some embodiments, compound 
17 is formed by reaction of compound 16 with sodium azide. 
In Some embodiments, compound 18 is produced by Saponi 
fication of the 5'-benzoate of compound 17. In certain 
embodiments, hydrogenation of compound 18 produces 
compound 19. In certain embodiments, the peracelation 
method is used to benzolylate the 2- and 6-amino groups of 
compound 19, yielding 20, which is desirably converted into 
the phosphoramidite compound 21. 

0133. In a related aspect, the invention features a deriva 
tive of a compound of the formula 20 or 21 as described in 
the above aspect in which 3'-OH O 

-OP(O(CH),CN)N(iPr), group is replaced by any other 
group is Selected from the group consisting of phospho 
rothioate, phosphorodithioate, phosphoramidate, phospho 
roSelenoate, phosphorodiselenoate, alkylphosphotriester, 
methyl phosphonate, halo (e.g., chloro, fluoro, iodo, or 
bromo), optionally Substituted aryl, (e.g., phenyl or benzyl), 
alkyl (e.g., methyl or ethyl), alkoxy (e.g., methoxy), acyl 
(e.g. acetyl or benzoyl), aroyl, aralkyl, hydroxy, hydroxy 
alkyl, alkoxy, aryloxy, aralkoxy, nitro, cyano, carboxy, 
alkoxycarbonyl, aryloxycarbonyl, aralkoxycarbonyl, acy 
lamino, aroylamine, alkylsulfonyl, arylsulfonyl, heteroaryl 
Sulfonyl, alkylsulfinyl, arylsulfinyl, heteroarylsulfinyl, alky 
lthio, arylthio, heteroarylthio, aralkylthio, heteroaralkylthio, 
amidino, amino, carbamoyl, Sulfamoyl, alkene, alkyne, 
protecting groups (e.g., Sillyl, 4,4'-dimethoxytrityl, 
monomethoxytrityl, or trityl(triphenylmethyl)), linkers (e.g., 
a linker containing an amine, ethylene glycol, quinone Such 
as anthraquinone), detectable labels (e.g., radiolabels or 
fluorescent labels), and biotin. 
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0.134. In yet another aspect, the invention features a 
method of Synthesizing a nucleic acid. This method involves 
Synthesizing a nucleoside or nucleotide of formula 20 or 21 
as shown below. The nucleoside, nucleoside phosphoramid 
ite, or nucleotide is incorporated into a nucleic acid of the 
invention. This method can also be performed using any 
other appropriate protecting groups instead of DMT. 

0135) In some embodiments, compound 17 is formed by 
reaction of compound 7 withl,3-dichloro-1,1,3,3-tetraiso 
propyldisiloxane. Desirably, compound 18 is formed by 
reaction of compound 17 with phenoxyacetic anhydride. In 
Some embodiments, compound 19 is generated by reaction 
of compound 18 with acid. Desirably, compound 20 is 
produced by reacting compound 19 with DMT-Cl. In desir 
ably embodiments, compound 20 is reacted with 2-cyano 
ethyl tetraiSopropylphosphorodiamidite to give the phos 
phoramidite 21. 

0.136. In desirable embodiments, the Ris H or 
P(O(CH)CN)N(iPr). In other embodiments, the Ror 
-ORis any of the groups listed for R or R in formula Ia 
or formula Ib or listed for R or R in formula IIa, Scheme 
A, or Scheme B, or the group -ORor Ris selected from the 
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group consisting of-OH, P(O(CH2)CN)N(iPr), phosphate, 
phosphorothioate, phosphorodithioate, phosphoramidate, 
phosphoroselenoate, phosphorodiselenoate, alkylphosphot 
riester, methyl phosphonate, halo (e.g., chloro, fluoro, iodo, 
or bromo), optionally Substituted aryl, (e.g., phenyl or ben 
Zyl), alkyl (e.g., methyl or ethyl), alkoxy (e.g., methoxy), 
acyl (e.g. acetyl or benzoyl), aroyl, aralkyl, hydroxy, 
hydroxyalkyl, alkoxy, aryloxy, aralkoxy, nitro, cyano, car 
boxy, alkoxycarbonyl, aryloxycarbonyl, aralkoxycarbonyl, 
acylamino, aroylamine, alkylsulfonyl, arylsulfonyl, het 
eroarylsulfonyl, alkylsulfinyl, arylsulfinyl, heteroarylsulfi 
nyl, alkylthio, arylthio, heteroarylthio, aralkylthio, het 
eroaralkylthio, amidino, amino, carbamoyl, Sulfamoyl, 
alkene, alkyne, protecting groups (e.g., Sillyl, 4,4'-dimethox 
ytrityl, monomethoxytrityl, or trityl(triphenylmethyl)), link 
ers (e.g., a linker containing an amine, ethylene glycol, 
quinone Such as anthraquinone), detectable labels (e.g., 
radiolabels or fluorescent labels), and biotin. 

0.137 In yet another aspect, the invention features a 
method of Synthesizing a nucleic acid. This method involves 
Synthesizing a nucleoside or nucleotide of formula 24 or 25 
as shown below. The nucleoside, nucleoside phosphoramid 
ite, or nucleotide is incorporated into a nucleic acid of the 
invention. This method can also be performed using any 
other appropriate protecting groups instead of BZ, Bn, and 
DMT. Additionally, the method can be performed with any 
other halogen (e.g., fluoro or bromo) instead of chloro. 
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0.138. In some embodiments, the compound 16 is formed 
from compounds 4, 14, and 15 as illustrated in an aspect 
above. Desirably, the 5'-O-benzoyl group of compound 
16 is hydrolyzed by aqueous Sodium hydroxyde to give 
compound 22. Compound 23 is desirably produced by 
incubation of compound 22 in the presence of paladium 
hydroxide and ammonium formate. Desirably, the 2-amine 
of compound 23 is Selectively protected with an amidine 
group after treatment with N,N-dimethylformamide dim 
ethyl acetal to yield compound 24. In Some embodiments, 
the diol 24 is 5'-O-DMT protected and 3'-O-phosphi 
tylated produce the phosphoramidite LNA-2AP compound 
25. 

0.139. In some embodiments, compound 25 has one of the 
following groups instead of the P(O(CH2)CN)N(iPr). 
group: any of the groups listed for R or R in formula Ia or 
formula Ib or listed for R or R in formula Ia, Scheme A, 
or Scheme B, or a group Selected from the group consisting 
of-OH, phosphate, phosphorothioate, phosphorodithioate, 
phosphoramidate, phosphoroSelenoate, phosphorodisele 
noate, alkylphosphotriester, methyl phosphonate, halo (e.g., 
chloro, fluoro, iodo, or bromo), optionally Substituted aryl, 
(e.g., phenyl or benzyl), alkyl (e.g., methyl or ethyl), alkoxy 
(e.g., methoxy), acyl (e.g. acetyl or benzoyl), aroyl, aralkyl, 
hydroxy, hydroxyalkyl, alkoxy, aryloxy, aralkoxy, nitro, 
cyano, carboxy, alkoxycarbonyl, aryloxycarbonyl, aralkoxy 
carbonyl, acylamino, aroylamine, alkylsulfonyl, arylsulfo 
nyl, heteroarylsulfonyl, alkylsulfinyl, arylsulfinyl, heteroar 
ylsulfinyl, alkylthio, arylthio, heteroarylthio, aralkylthio, 
heteroaralkylthio,amidino, amino, carbamoyl, Sulfamoyl, 
alkene, alkyne, protecting groups (e.g., Sillyl, 4,4'-dimethox 
ytrityl, monomethoxytrityl, or trityl(triphenylmethyl)), link 
ers (e.g., a linker containing an amine, ethylene glycol, 
quinone Such as anthraquinone), detectable labels (e.g., 
radiolabels or fluorescent labels), and biotin. 
0140. In another aspect, the invention features a nucleic 
acid of the invention that includes a compound of the 
formula 6 pCor the product of a compound of the formula 6 
pC treated with ammonia as described herein. In a related 
aspect, the invention features a method of Synthesizing a 
nucleic acid that involves performing one or more of the 
StepS described herein for the Synthesis of a compound of the 
formula 6 pCor the product of a compound of theformula 6 
pC treated with ammonia. 
0.141. In yet another aspect, the invention features a 
method of Synthesizing a nucleic acid. This method involves 
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one or more of any of the nucleosides or nucleotides of the 
invention with (i) any other nucleoside or nucleotide of the 
invention, (ii) any other nucleoside or nucleotide of formula 
Ia, formula Ib, formula Ia, Scheme A, or Scheme B, and/or 
(iii) any naturally-occurring nucleoside or nucleotide. Desir 
ably, the method involves reacting one or more nucleoside 
phosphoramidites of any of the above aspects with a nucle 
otide or nucleic acid. 

0142 Methods for Synthesis of Nucleic Acids on a Solid 
Support 
0143. In another aspect, the invention provides a method 
for the Synthesis of a population of nucleic acids (e.g., a 
population of nucleic acids of the invention) on a Solid 
support. This method involves the reaction of a plurality of 
nucleoside phosphoramidites with an activated Solid Support 
(e.g., a Solid Support with an activated linker) and the 
Subsequent reaction of a plurality of nucleoside phosphora 
midites with activated nucleotides or nucleic acids bound to 
the Solid Support. 
0144. In some embodiments of any of the above aspects, 
the Solid Support or the growing nucleic acid bound to the 
Solid Support is activated by illumination, a photogenerated 
acid, or electric current. In desirable embodiments, one or 
more spots or regions (e.g., a region with an area of less than 
1 cm 2, 0.1 cm2, 0.01 cm2, 1 mm2, or 0.1 mm that desirably 
contains one particular nucleic acid monomer or oligomer) 
on the Solid Support are irradiated to produce a photogener 
ated acid that removes the 5'-OH protecting group of one or 
more nucleic acid monomers or oligomers to which a 
nucleotide is Subsequently added. In other embodiments, an 
electric current is applied to one or more spots or regions 
(e.g., a region with an area of less than 1 cm 2.0.1 cm2,0.01 
cm2, 1 mm2, or 0. mm2 that desirably contains one par 
ticular nucleic acid monomer or oligomer) on the Solid 
Support to remove an electrochemically Sensitive protecting 
group of one or more nucleic acid monomers or oligomers 
to which a nucleotide is subsequently added. In still other 
embodiments, one or more spots or regions (e.g., a region 
with an area of less than 1 cm2, 0.1 cm2, 0.01 cm2, 1 mm2, 
or 0.1 mm2 that desirably contains one particular nucleic 
acid monomer or oligomer) on the Solid Support are irradi 
ated to remove a photosensitive protecting group of one or 
more nucleic acid monomers or oligomers to which a 
nucleotide is Subsequently added. In various embodiments, 
the Solid Support (e.g., chip, coverslip, microscope glass 
slide, quartz, or silicon) is less than 1, 0.5, 0.1. or 0.05 mm 
thick. 

0145 Methods for the Synthesis of Nucleic Acids 
0146 In another aspect, the invention features a method 
of reacting a population of nucleic acids of the invention 
with one or more nucleic acids. This method involves 
incubating an immobilized population of nucleic acids of the 
invention with a Solution that includes one or more probes 
(e.g., at least 2, 3, 4, 5, 10, 15, 20, 30, 40, 50, 60, 80, 100, 
or 150 different nucleic acids) and one or more target nucleic 
acids (e.g., at least 2, 3, 4, 5, 10, 15, 20, 30, 40, 50, 60, 80, 
100, or 150 different target nucleic acids). The incubation is 
performed in the presence of a ligase under conditions that 
allow the ligase to covalently react one or more immobilized 
nucleic acids with one or more nucleic acid probes in 
Solution that hybridize to the same target nucleic acid. 
Desirably, at least 2, 5, 10, 15, 20, 30, 40, 50,80, or 100 pairs 
of immobilized nucleic acids and nucleic acid probes are 
ligated. In various embodiments, the incubation occurs 
between 15 and 45 C., such as between 20 and 40 C. or 
between 25 and 35° C. 
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0147 Desirable Embodiments of Any of the Aspects of 
the Invention 

0.148. In other embodiments of any of various aspects of 
the invention, a nucleic acid probe or primer Specifically 
hybridizes to a target nucleic acid but does not Substantially 
hybridize to non-target molecules, which include other 
nucleic acids in a cell or biological Sample having a 
sequence that is less than 99, 95, 90, 80, or 70% identical or 
complementary to that of the target nucleic acid. Desirably, 
the amount of the these non-target molecules hybridized to, 
or associated with, the nucleic acid probe or primer, as 
measured using Standard assays, is 2-fold, desirably 5-fold, 
more desirably 10-fold, and most desirably 50-fold lower 
than the amount of the target nucleic acid hybridized to, or 
asSociated with, the nucleic acid probe or primer. In other 
embodiments, the amount of a target nucleic acid hybridized 
to, or associated with, the nucleic acid probe or primer, as 
measured using Standard assays, is 2-fold, desirably 5-fold, 
more desirably 10-fold, and most desirably 50-fold greater 
than the amount of a control nucleic acid hybridized to, or 
asSociated with, the nucleic acid probe or primer. In certain 
embodiments, the nucleic acid probe or primer is Substan 
tially complementary (e.g., at least 80, 90, 95, 98, or 100% 
complementary) to a target nucleic acid or a group of target 
nucleic acids from a cell. In other embodiments, the probe 
or primer is homologous to multiple RNA or DNA mol 
ecules, such as RNA or DNA molecules from the same gene 
family. In other embodiments, the probe or primer is 
homologous to a large number of RNA or DNA molecules. 
In desirable embodiments, the probe or primer binds to 
nucleic acids which have polynucleotide Sequences that 
differ in Sequence at a position that corresponds to the 
position of a universal base in the probe or primer. Examples 
of control nucleic acids include nucleic acids with a random 
Sequence or nucleic acids known to have little, if any, affinity 
for the nucleic acid probe or primer. In Some embodiments, 
the target nucleic acid is an RNA, DNA, or cDNA molecule. 

0149) Desirably, the association constant (Ka) of the 
nucleic acid toward a complementary target molecule is 
higher than the association constant of the complementary 
Strands of the double Stranded target molecule. In Some 
desirable embodiments, the melting temperature of a duplex 
between the nucleic acid and a complementary target mol 
ecule is higher than the melting temperature of the comple 
mentary Strands of the double Stranded target molecule. 

0150. In some embodiments, the LNA-pyrene is in a 
position corresponding to the position of a non-base (e.g., a 
unit without a base) in another nucleic acid, Such as a target 
nucleic acid. Incorporation of pyrene in a DNA Strand that 
is hybridized against the four natural bases decreases the T 
by -4.5 C. to -6.8 C.; however, incorporation of pyrene in 
a DNA Strand in a position opposite a non-base only 
decreases the T by -2.3C. to -4.6 C., most likely due to 
the better accommodation of the pyrene in the B-type duplex 
(Matray and Kool, J. Am. Chem. Soc. 120, 6191, 1998). 
Thus, incorporation on LNA-pyrene into a nucleic acid in a 
position opposite a non-base (e.g., a unit without a base or 
a unit with a Small group Such as a noncyclic group instead 
of a base) in a target nucleic acid may also minimize any 
potential decrease in T. due to the pyrene Substitution 
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0151. In various embodiments, the number of molecules 
in the plurality of nucleic acids of the invention is at least 2, 
4, 5, 6, 7, 8, or 10-fold greater than the number of molecules 
in the test nucleic acid Sample. In Some embodiments, a 
LNA is a triplex-forming oligonucleotide. 
0152. In desirable embodiments of any of the aspects of 
the invention, the target nucleic acids (e.g., cDNA molecules 
reverse transcribed from a patient sample or cRNA mol 
ecules amplified from a patient Sample using a T7 RNA 
polymerase-based amplification System or the like) are frag 
mented using an enzyme Such as a uracil-DNA glycosylase 
(e.g., E. coli uracil-DNA glycosylase) or using chemical 
hydrolysis Such as alkaline hydrolysis. In various embodi 
ments, the average size of the fragmented nucleic acids is 
between 300 and 50 nucleic acids, such as approximately 
300, 200, 100, or 50 nucleotides. 
0153 Advantages 
0154) The present invention has a variety of advantages 
related to nucleic acid analysis methods. The ability to 
equalize melting temperatures of a Series of nucleic acids is 
generally applicable and desirable in all situations where 
more than one sequence is used simultaneously (e.g. DNA 
arrays with more than one capture probe, PCR and espe 
cially multiplex PCR, homogeneous assayS. Such as Taqman 
and Molecular beacon). Sample preparation of Specific 
Sequences (e.g., DNA or RNA extraction using capture 
probes on filters or magnetic beads) is another area where 
melting temperature equalization of specific probe 
Sequences is useful. 
O155 For example, the invention provides high affinity 
nucleotides (e.g., LNA and other high affinity nucleotides 
with a modified base and/or backbone) that can be used, e.g., 
arraySof the invention. In particular, the nucleic acids of the 
invention containing LNA units exhibited a Suprising ability 
to discriminate between different mRNA splice variants 
compared to naturally-occurring nucleic acids. If desired, 
universal bases can be added as part of flanking regions in 
capture probes (e.g., probes of an array) to Stabilize hybrid 
ization with high affinity nucleotides in the capture probes. 
Replacement of one or more DNA-t nucleotides with 
LNA-T and/or replacement of one or more DNA-a nucle 
otides with LNA-A reduces the variability of melting tem 
peratures for capture probes of Similar length but different 
GC and AT content by desirably at least 10, 20, 30, 40 or 
50%. Additionally, replacement of one or more DNA-t 
nucleotides with LNA-T and/or replacement of one or more 
DNA-c with LNA-C increases the stability of a large number 
of capture probes, while desirably avoiding Self-comple 
mentary sequences with LNA:LNA base-pairs within a 
capture probe that would otherwise reduce or eliminate the 
binding of target molecules to the probe. Although a general 
T and C substitution may not reduce the variability of 
melting temperatures of the probes, this Substitution 
increases the melting temperature and binding efficiency of 
many capture probes that contain these two nucleotides. 
0156 The invention also provides a general Substitution 
algorithm for enhancement of the hybridization Signal of a 
test nucleic acid Sample by inclusion of high affinity mono 
mers (e.g., LNA and other high affinity nucleotides with a 
modified base and/or backbone) in the array. This method 
increases the Stability and binding affinity of capture probes 
while avoiding Substitutions in positions that may form 
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Self-complementary base-pairs which may otherwise inhibit 
binding to a target molecule. The Substitution algorithm is 
broadly useful for specialized arrays, as well as for PCR 
primers and FISH probes. 
O157. Other features and advantages of the invention will 
be apparent from the following detailed description. 

0158) Definitions 
0159. When used herein, the term “LNA” (Locked 
Nucleoside Analogues) refers to nucleoside analogues (e.g., 
bicyclic nucleoside analogues, e.g., as disclosed in WO 
9914226) either incorporated in an oligonucleotide or as a 
discrete chemical species (e.g., LNA nucleoside and LNA 
nucleotide). Furthermore, the term “LNA” includes the 
compounds as described in the present Specification includ 
ing the compounds described in Example 17. 

0160 The term “monomeric LNA” may, e.g., refer to the 
monomers LNAA, LNA T, LNAC, or any other LNA 
OOCS. 

0.161. By “LNA unit' is meant an individual LNA mono 
mer (e.g., an LNA nucleoside or LNA nucleotide).or an 
oligomer (e.g., an oligonucleotide or nucleic acid) that 
includes at least one LNA monomer. LNA units as disclosed 
in WO 99/14226 are in general particularly desirable modi 
fied nucleic acids for incorporation into an oligonucleotide 
of the invention. Additionally, the nucleic acids may be 
modified at either the 3' and/or 5' end by any type of 
modification known in the art. For example, either or both 
ends may be capped with a protecting group, attached to a 
flexible linking group, attached to a reactive group to aid in 
attachment to the Substrate Surface, etc. Desirable LNA units 
and their method of synthesis also are disclosed in WO 
0056746, WO 0056748, WO 0066604, Morita et al., Bioorg. 
Med. Chem. Lett. 12(1):73-76, 2002; Hakansson et al., 
Bioorg. Med. Chem. Lett. 11 (7):935–938, 2001; Koshkinet 
al., J. Org. Chem. 66(25):8504-8512, 2001; Kvaerno et al., 
J. Org. Chem. 66(16):5498-5503, 2001; Hakansson et al., J. 
Org. Chem. 65(17):5161-5166, 2000; Kvaerno et al., J. Org. 
Chem. 65(17):5167-5176, 2000; Pfundheller et al., Nucleo 
sides Nucleotides 18(9):2017-2030, 1999; and Kumar et al., 
Bioorg. Med. Chem. Lett. 8(16):2219–2222, 1998. 
0162 By “LNA modified oligonucleotide' is meant a 
oligonucleotide comprising at least one LNA monomeric 
unit of the general Scheme A, described infra, having the 
below described illustrative examples of modifications: 

A. 

0163 wherein X is selected from -O-, -S-, 
-N(RN) , -C(RR)-, -O-C(RR7), 
-C(RR)-O-, -S-C(RR)-, -C(R'R)-S-, 
-N(RN)-C(R7R7)-, -C(RR)-N(RN)-, and 

0.164 B is selected from a modified base as discussed 
above e.g. an optionally Substituted carbocyclic aryl Such as 
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optionally Substituted pyrene or optionally Substituted pyre 
nylmethylglycerol, or an optionally Substituted heteroali 
cylic or optionally Substituted heteroaromatic Such as 
optionally Substituted pyridyloxazole, optionally Substituted 
pyrrole, optionally Substituted diazole or optionally Substi 
tuted triazole moieties, hydrogen, hydroxy, optionally Sub 
Stituted C-alkoxy, optionally Substituted C-alkyl, 
optionally Substituted C-acyloxy, nucleobases, DNA 
intercalators, photochemically active groups, thermochemi 
cally active groups, chelating groups, reporter groups, and 
ligands. 
0.165 P designates the radical position for an internucleo 
Side linkage to a Succeeding monomer, or a 5'-terminal 
group, Such internucleoside linkage or 5'-terminal group 
optionally including the substituent R. One of the substitu 
ents R, R, R, and R is a group P* which designates an 
internucleoside linkage to a preceding monomer, or a 2/3'- 
terminal group. The substituents of R', R", R, R, R, 
R, R7, R7, RN, and the ones of R', R, R, and R not 
designating P each designates a biradical comprising about 
1-8 groups/atoms selected from -C(RR)-, -C(R)= 
C(R)-, -C(R)=N-, C(R)-O-, O-, 
Si(R)-, -C(R)-S, -S-, -SO-, -C(R) 

N(R)-, N(R)-, and >C=Q, wherein Q is selected from 
-O-, -S-, and -NCR)-, and R and R each is 
independently Selected from hydrogen, optionally Substi 
tuted C2-alkyl, optionally Substituted C-2-alkenyl, 
optionally Substituted C-2-alkynyl, hydroxy, C2-alkoxy, 
C2-12-alkenyloxy, carboxy, C1-12-alkoxycarbonyl, C-12 
alkylcarbonyl, formyl, aryl, aryloxy-carbonyl, aryloxy, aryl 
carbonyl, heteroaryl, hetero-aryloxy-carbonyl, heteroary 
loxy, heteroarylcarbonyl, amino, mono- and di(C- 
alkyl)amino, carbamoyl, mono- and di(C-alkyl)-amino 
carbonyl, amino-Cio-alkyl-aminocarbonyl, mono- and 
di(C6-alkyl)amino-C6-alkyl-aminocarbonyl, C6-alkyl 
carbonylamino, carbamido, C-alkanoyloxy, Sulphono, 
Co-alkylsulphonyloxy, nitro, azido, Sulphanyl, C-alky 
lthio, halogen, DNA intercalators, photochemically active 
groups, thermochemically active groups, chelating groups, 
reporter groups, and ligands, where aryl and heteroaryl may 
be optionally Substituted, and where two geminal Substitu 
ents RandR together may designate optionally substituted 
methylene (=CH-), and wherein two non-geminal or gemi 
nal substituents selected from R", R, and any of the 
substituents R'', R,R,R,R,R,R,R, R and R, 
R", and R7 which are present and not involved in P, P* or the 
biradical(s) together may form an associated biradical 
Selected from biradicals of the same kind as defined before; 
the pair(s) of non-geminal Substituents thereby forming a 
mono- or bicyclic entity together with (i) the atoms to which 
said non-geminal Substituents are bound and (ii) any inter 
vening atoms. 
0166 Each of the substituents R'", R,R,R,R,R, 
R, R and R, R', and R7 which are present and not 
involved in P, P* or the biradical(s), is independently 
Selected from hydrogen, optionally Substituted C2-alkyl, 
optionally Substituted C-2-alkenyl, optionally Substituted 
C-2-alkynyl, hydroxy, C2-alkoxy, C2-alkenyloxy, car 
boxy, C2-alkoxycarbonyl, C2-alkylcarbonyl, formyl, 
aryl, aryloxy-carbonyl, aryloxy, arylcarbonyl, heteroaryl, 
heteroaryloxy-carbonyl, heteroaryloxy, heteroarylcarbonyl, 
amino, mono- and di(C6-alkyl)amino, carbamoyl, mono 
and di(C6-alkyl)-amino-carbonyl, amino-C6-alkyl-ami 
nocarbonyl, mono- and di(C6-alkyl)amino-C6-alkyl-ami 

Nov. 4, 2004 

nocarbonyl, C-alkyl-carbonylamino, carbamido, C-al 
kanoyloxy, Sulphono, C-alkylsulphonyloxy, nitro, azido, 
Sulphanyl, C-alkylthio, halogen, DNA intercalators, pho 
tochemically active groups, thermochemically active 
groups, chelating groups, reporter groups, and ligands, 
where aryl and heteroaryl may be optionally Substituted, and 
where two geminal Substituents together may designate OXO, 
thioxo, imino, or optionally Substituted methylene, or 
together may form a Spiro biradical consisting of a 1-5 
carbon atom(s) alkylene chain which is optionally inter 
rupted and/or terminated by one or more heteroatoms/groups 
selected from -O-, -S-, and -(NRS)- where R is 
Selected from hydrogen and C-alkyl, and where two 
adjacent (non-geminal) Substituents may designate an addi 
tional bond resulting in a double bond; and R, when present 
and not involved in a biradical, is Selected from hydrogen 
and C-alkyl, and basic Salts and acid addition Salts 
thereof. 

0.167 Exemplary 5', 3', and/or 2 terminal groups include 
-H, -OH, halo (e.g., chloro, fluoro, iodo, or bromo), 
optionally Substituted aryl, (e.g., phenyl or benzyl), alkyl 
(e.g., methyl or ethyl), alkoxy (e.g., methoxy), acyl (e.g. 
acetyl or benzoyl), aroyl, aralkyl, hydroxy, hydroxyalkyl, 
alkoxy, aryloxy, aralkoxy, nitro, cyano, carboxy, alkoxycar 
bonyl, aryloxycarbonyl, aralkoxycarbonyl, acylamino, aroy 
lamine, alkylsulfonyl, arylsulfonyl, heteroarylsulfonyl, 
alkylsulfinyl, arylsulfinyl, heteroarylsulfinyl, alkylthio, 
arylthio, heteroarylthio, aralkylthio, heteroaralkylthio,ami 
dino, amino, carbamoyl, Sulfamoyl, alkene, alkyne, protect 
ing groups (e.g., Sillyl, 4,4'-dimethoxytrityl, monomethox 
ytrityl, or trityl(triphenylmethyl)), linkers (e.g., a linker 
containing an amine, ethylene glycol, quinone Such as 
anthraquinone), detectable labels (e.g., radiolabels or fluo 
rescent labels), and biotin. 
0.168. It is understood that references herein to a nucleic 
acid unit, nucleic acid residue, LNA unit, or similar term are 
inclusive of both individual nucleoside units and nucleotide 
units and nucleoside units and nucleotide units within an 
oligonucleotide. 

0169. A “modified base' or other similar term refers to a 
composition (e.g., a non-naturally occuring nucleobase or 
nucleosidic base) which can pair with a natural base (e.g., 
adenine, guanine, cytosine, uracil, and/or thymine) and/or 
can pair with a non-naturally occurring nucleobase or 
nucleosidic base. Desirably, the modified base provides a T. 
differential of 15, 12, 10, 8, 6, 4, or 2 C. or less as described 
herein. Exemplary modified bases are described in EP 1072 
679 and WO 97/12896. 

0170 By “nucleobase' is meant the naturally occurring 
nucleobases adenine (A), guanine (G), cytosine (C), thymine 
(T) and uracil (U) as well as non-naturally occurring nucleo 
bases such as Xanthine, diaminopurine, 8-oxo-N-methylad 
enine, 7-deazaxanthine, 7-deazaguanine, N',N'-ethanocy 
tosin, N',N'-ethano-2,6-diaminopurine, 5-methylcytosine 
(mC), 5-(C-C)-alkynyl-cytosine, 5-fluorouracil, 5-bro 
mouracil, pseudoisocytosine, 2-hydroxy-5-methyl-4-triazol 
opyridin, isocytosine, isoguanine, inosine and the “non 
naturally occurring nucleobases described in Benner et al., 
U.S. Pat. No. 5,432,272 and Susan M. Freier and Karl-Heinz 
Altmann, Nucleic Acids Research, 1997, vol. 25, pp. 4429 
4443. The term “nucleobase' thus includes not only the 
known purine and pyrimidine heterocycles, but also hetero 
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cyclic analogues and tautomers thereof. Further naturally 
and non-naturally occurring nucleobases include those dis 
closed in U.S. Pat. No. 3,687,808 (Merigan, et al.), in 
Chapter 15 by Sanghvi, in AntiSense Research and Appli 
cation, Ed. S. T. Crooke and B. Lebleu, CRC Press, 1993, in 
Englisch et al., Angewandte Chemie, International Edition, 
1991, 30, 613-722 (see especially pages 622 and 623, and in 
the Concise Encyclopedia of Polymer Science and Engi 
neering, J. I. Kroschwitz Ed., John Wiley & Sons, 1990, 
pages 858-859, Cook, Anti-Cancer Drug Design 1991, 6, 
585-607, each of which are hereby incorporated by reference 
in their entirety). The term “nucleosidic base” or “base unit” 
is further intended to include compounds Such as heterocy 
clic compounds that can Serve like nucleobases including 
certain “universal bases that are not nucleosidic b.ases in 
the most classical Sense but Serve as nucleosidic bases. 
Especially mentioned as universal bases are 3-nitropyrrole, 
optionally Substituted indoles (e.g., 5-nitroindole), and 
optionally substituted hypoxanthine. Other desirable univer 
Sal bases include, pyrrole, diazole or triazole derivatives, 
including those universal bases known in the art. 
0171 AS described herein, various groups of an LNA unit 
may be optionally Substituted. A “Substituted’ group Such as 
a nucleobase or nucleosidic base and the like may be 
Substituted by other than hydrogen at one or more available 
positions, typically 1 to 3 or 4 positions, by one or more 
Suitable groupS Such as those disclosed herein. Suitable 
groups that may be present on a “Substituted’ group include 
e.g. halogen Such as fluoro, chloro, bromo and iodo; cyano; 
hydroxyl; nitro, azido; alkanoyl Such as a C- alkanoyl 
group Such as acyl and the like; carboxamido; alkyl groups 
including those groups having 1 to about 12 carbon atoms, 
or 1, 2, 3, 4, 5, or 6 carbon atoms, alkenyl and alkynyl 
groups including groups having one or more unsaturated 
linkages and from 2 to 12 carbon, or 2, 3, 4, 5 or 6 carbon 
atoms, alkoxy groups including those having one or more 
oxygen linkages and from 1 to about 12 carbon atoms, or 1, 
2, 3, 4, 5 or 6 carbon atoms, aryloxy Such as phenoxy, 
alkylthio groups including those moieties having one or 
more thioether linkages and from 1 to about 12 carbon 
atoms, or 1, 2, 3, 4, 5 or 6 carbon atoms, alkylsulfinyl groups 
including those moieties having one or more Sulfinyl link 
ages and from 1 to about 12 carbon atoms, or 1, 2, 3, 4, 5, 
or 6 carbon atoms, alkylsulfonyl groups including those 
moieties having one or more Sulfonyl linkages and from 1 to 
about 12 carbon atoms, or 1, 2, 3, 4, 5, or 6 carbon atoms, 
aminoalkyl groups Such as groups having one or more N 
atoms and from 1 to about 12 carbon atoms, or 1, 2, 3, 4, 5 
or 6 carbon atoms, carbocyclic aryl having 6 or more 
carbons, aralkyl having 1 to 3 Separate or fused rings and 
from 6 to about 18 carbon ring atoms, with benzyl being a 
desirable group, aralkoxy having 1 to 3 Separate or fused 
rings and from 6 to about 18 carbon ring atoms, with 
O-benzyl being a desirable group; or a heteroaromatic or 
heteroalicyclic group having 1 to 3 Separate or fused rings 
with 3 to about 8 members per ring and one or more N, O 
or S atoms, e.g. coumarinyl, quinolinyl, pyridyl, pyrazinyl, 
pyrimidyl, furyl, pyrrolyl, thienyl, thiazolyl, oxazolyl, imi 
dazolyl, indolyl, benzofuranyl, benzothiazolyl, tetrahydro 
furanyl, tetrahydropyranyl, piperidinyl, morpholino and pyr 
rolidinyl. 
0172 By “oxy-LNA monomer or unit' is meant any 
nucleoside or nucleotide which contains an oxygen atom in 
a 2'-4" linkage. 
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0173 A “non-oxy-LNA monomer or unit is broadly 
defined as any nucleoside or nucleotide which does not 
contain an oxygen atom in a 2-4-linkage. Examples of 
non-oxy-LNA monomers include 2'-deoxynucleotides 
(DNA) or nucleotides (RNA) or any analogues of these 
monomers which are not oxy-LNA, Such as for example the 
thio-LNA and amino-LNA described herein with respect to 
formula Ia and in Singh et al. J. Org. Chem. 1998, 6,6078-9, 
and the derivatives described in Susan M. Freier and Karl 
Heinz Altmann, Nucleic Acids Research, 1997, Vol 25, pp 
4429-4443. 

0.174. By “universal base' is meant a naturally-occurring 
or desirably a non-naturally occurring compound or moiety 
that can pair with a natural base (e.g., adenine, guanine, 
cytosine, uracil, and/or thymine), and that has a T. differ 
ential of 15, 12, 10, 8, 6, 4, or 2 C. or less as described 
herein. 

0175. By “oligonucleotide,”“oligomer,” or “oligo” is 
meant a Successive chain of monomers (e.g., glycosides of 
heterocyclic bases) connected via internucleoside linkages. 
The linkage between two Successive monomers in the oligo 
consist of 2 to 4, desirably 3, groupS/atoms Selected from 

-PO(OCH)—, and-PO(NHR')—, where RH is selected 
from hydrogen and C-alkyl, and R" is selected from 
Co-alkyl and phenyl. Illustrative examples of Such linkages 

C CH-CH-CH-, CH-CO-CH-, 
-CH-CHOH-CH-, -O-CH-O-, 
O-CH-CH2-, -O-CH-CH=(including R when 

used as a linkage to a Succeeding monomer), -CH2 
CH-O-, NR'-CH-CH2-, CH-CH 
NR'-, -CH-NR'-CH-, -O-CH-CH 
NR , NR'-CO-O-, NR-CO-NR-, 
NR-CS-NR' , 
NR'-CO-CH-NR'-O-CO-O-, -O-CO 

CH-O-, O-CH-CO-O-, CH-CO 
NRH , O-CO-NR'-, NR'-CO-CH-, 
O-CH-CO-NR'-, O-CH-CH-NR'-, 
CH=N-O-, -CH-NR'-O-, -CH-O 

N=(including R when used as a linkage to a Succeeding 
monomer), CH-O-NR'-, CO-NR'-CH-, 
-CH-NR'-O-, -CH-NR'-CO-, 
-O-NR'-CH2-, -O-NR', -O-CH2-S-, 
S-CH-O-, -CH-CH-S-, -O-CH 

CH-S-, -S-CH-CH=(including R when used as a 
linkage to a Succeeding monomer), -S-CH-CH2-, 
-S-CH-CH-O-, -S-CH-CH2-S-, 
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and -O-PO(NHRS)-O-, where RH is selected form 
hydrogen and C-alkyl, and R" is selected from C-alkyl 
and phenyl, are especially desirable. Further illustrative 
examples are given in MeSmaeker et. al., Current Opinion in 
Structural Biology 1995, 5, 343-355 and Susan M. Freier 
and Karl-Heinz Altmann, Nucleic Acids Research, 1997, vol 
25, pp. 4429-4443. The left-hand side of the internucleoside 
linkage is bound to the 5-membered ring as Substituent Pat 
the 3'-position, whereas the right-hand Side is bound to the 
5'-position of a preceding monomer. 

0176 By “Succeeding monomer' is meant the neighbor 
ing monomer in the 5'-terminal direction, and by "preceding 
monomer' is meant the neighboring monomer in the 3'-ter 
minal direction. 

0177. By “LNA spiked oligo' is meant an oligonucle 
otide, Such as a DNA oligonucleotide, wherein at least one 
unit (and preferably not all units) has been substituted by the 
corresponding LNA nucleoside monomer. 

0.178 The term “T” is used in reference to the “melting 
temperature.” The melting temperature is the temperature at 
which 50% of a population of double-stranded nucleic acid 
molecules becomes dissociated into Single Strands. The 
equation for calculating the T of nucleic acids is Well 
known in the art. The T of a hybrid nucleic acid is often 
estimated using a formula adopted from hybridization assays 
in 1 M salt, and commonly used for calculating T for PCR 
primers: T=(number of A+T)x2 C.+(number of G+C)x4 
C.). C. R. Newton et al. PCR, 2nd Ed., Springer-Verlag 
(New York: 1997), p. 24. This formula was found to be 
inaccurate for primers longer that 20 nucleotides. Id. Other 
more Sophisticated computations exist in the art which take 
Structural as well as Sequence characteristics into account for 
the calculation of T. A calculated T is merely an estimate; 
the optimum temperature is commonly determined empiri 
cally. 

0179 A nucleic acid compound that has a T. differential 
of a specified amount (e.g., less than 15, 12, 10, 8, 6, 4, 2, 
or 1. C.) means the nucleic acid exhibits that specified T. 
differential when incorporated into a specified 9-mer oligo 
nucleotide with respect to the four complementary variants, 
as defined immediately below. 

0180 Unless otherwise indicated, a T. differential pro 
vided by a particular modified base is calculated by the 
following protocol (Steps a) through d)): 

0181 a) incorporating the modified base of interest 
into the following oligonucleotide 5'-d(GTGAM 
ATGC), wherein M is the modified base; 

0182 b) mixing 1.5x10M of the oligonucleotide 
having incorporated therein the modified base with 
each of 1.5x1 0M of the four oligonucleotides 
having the sequence 3'-d(CACTYTACG), wherein Y 
is A, C, G, T, respectively, in a buffer of 10 mM 
Sodium phosphate, 100 mM sodium chloride, 0.1 
mM EDTA, pH 7.0; 
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0183) 
and 

0184 d) detecting the T for each of the four hybrid 
ized nucleotides by heating the hybridized nucle 
otides and observing the temperature at which the 
maximum of the first derivative of the melting curve 
recorded at a wavelength of 260 nm is:obtained. 

c) allowing the oligonucleotides to hybridize; 

0185. Unless otherwise indicated, a T. differential for a 
particular modified base is determined by Subtracting the 
highest T value determined in Steps a) through d) imme 
diately above from the lowest T value determined by steps 
a) through d) immediately above. 
0186 By “variance in T is meant the variance in the 
values of the melting temperatures for a population of 
nucleic acids. The T for each nucleic acid is determined by 
experimentally measuring or computationally predicting the 
temperature at which 50% of a population double-stranded 
molecules with the Sequence of the nucleic acid becomes 
dissociated into Single Strands. For a nucleic acid with only 
A, T, C, G, and/or U bases, the T is the temperature at 
which 50% of a population of 100% complementary double 
Stranded molecules with the Sequence of the nucleic acid 
becomes dissociated into Single Strands. For determining the 
T. Variance when a nucleic acid has one or more nucleo 
bases other than A, T, C, G, or U, the T of this “modified” 
nucleic acid is approximated by determining the T for each 
possible double stranded molecule in which one strand is the 
modified nucleic acid and the other Strand has either A, T, C, 
or G in each position corresponding to a nucleobase other 
than A, T, C, G, or U in the modified nucleic acid. For 
example, if the modified nucleic acid has the Sequence XMX 
in which X is 0, 1, or more A, T, C, G or U bases and M is 
any other nucleobase or nucleosidic base, the T is calcu 
lated for each possible double stranded molecule in which 
one strand is XMX and the other strand is XYX" in which 
X is the base complementary to the corresponding X base 
and Y is either A, T, C, or G. The average is then calculated 
for the T values for each possible double stranded molecule 
(i.e., four possible duplexes per modified nucleobase or 
nucleoside base in the modified nucleic acid) and used as the 
approximate T value for the modified nucleic acid. 
0187. By “capture efficiency” is meant the amount of 
target nucleic acid(s) bound to a particular nucleic acid or a 
population of nucleic acids. Standard methods can be used 
to calculate the capture efficiency by measuring the amount 
of bound target nucleic acid(s) and/or measuring the amount 
of unbound target nucleic acid(s). The capture efficiency of 
a nucleic acid or nucleic acid population of the invention is 
typically compared to the capture efficiency of a control 
nucleic acid or nucleic acid population under the same 
incubation conditions (e.g., using same buffer and tempera 
ture). 
0188 For example, a control nucleic acid may have 
B-D-2-deoxyribose instead of one or more bicyclic or Sugar 
groups of a LNA unit or other modified or non-naturally 
occurring units in a nucleic acid of the invention. In Some 
embodiments, the nucleic acid of the invention and the 
control nucleic acid only have naturally-occurring nucleo 
bases. If a nucleic acid of the invention has one or more 
non-naturally-occurring nucleobases, the capture efficiency 
of the corresponding control nucleic acid is calculated as the 
average capture efficiency for all of the nucleic acids that 
have either A, T, C, or G in each position corresponding to 
a non-naturally-occurring nucleobase in the nucleic acid of 
the invention. 
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0189 Monomers are referred to as being “complemen 
tary’ if they contain nucleobases that can form hydrogen 
bonds according to Watson-Crick base-pairing rules (e.g., G 
with C, A with T, or A with U) or other hydrogen bonding 
motifs Such as for example diaminopurine with T, inosine 
with C, and pseudoisocytosine with G. 
0190. By “substantially complementarity” is meant hav 
ing a sequence that is at least 60, 70, 80, 90, 95, or 100% 
complementary to that of another Sequence. Sequence 
complementarity is typically measured using Sequence 
analysis Software with the default parameterS Specified 
therein (e.g., Sequence Analysis Software Package of the 
Genetics Computer Group, University of Wisconsin Bio 
technology Center, 1710 University Avenue, Madison, Wis. 
53705). This software program matches similar sequences 
by assigning degrees of homology to various Substitutions, 
deletions, and other modifications. 
0191 The term “homology” refers to a degree of comple 
mentarity. There can be partial homology or complete 
homology (i.e., identity). A partially complementary 
Sequence that at least partially inhibits a completely comple 
mentary Sequence from hybridizing to a target nucleic acid 
is referred to using the functional term “Substantially 
homologous.” 

0.192 When used in reference to a double-stranded 
nucleic acid Sequence Such as a cDNA or genomic clone, the 
term “Substantially homologous' refers to a probe that can 
hybridize to a strand of the double-stranded nucleic acid 
Sequence under conditions of low Stringency, e.g. using a 
hybridization buffer comprising 20% formamide in 0.8M 
saline/0.08M sodium citrate (SSC) buffer at a temperature of 
37 C. and remaining bound when Subject to washing once 
with that SSC buffer at 37 C. 

0193 When used in reference to a single-stranded nucleic 
acid Sequence, the term “Substantially homologous' refers to 
a probe that can hybridize to (i.e., is the complement of) the 
Single-Stranded nucleic acid template Sequence under con 
ditions of low Stringency, e.g. using a hybridization buffer 
comprising 20% formamide in 0.8M saline/0.08M sodium 
citrate (SSC) buffer at a temperature of 37 C. and remaining 
bound when subject to washing once with that SSC buffer at 
37o C. 

0194 By “internal probe' is meant a nucleic acid (e.g., a 
probe or primer) that hybridizes to either only one exon or 
only one intron of a nucleic acid (e.g., mRNA). The internal 
probe may hybridize to the 5' end of the exon or intron, the 
3' end of the exon or intron, or between the 5' end and the 
3' end of the exon or intron. Desirably, the internal probe is 
at least 90, 95, 96, 97, 98, 99, or 100% identical to the 
corresponding region of a target nucleic acid. 

0195 By “merged probe' is meant a nucleic acid (e.g., a 
probe or primer) that hybridizes to more than one exon 
and/or intron of a nucleic acid (e.g., mRNA). Desirably, the 
merged probe hybridizes to two consecutive exons (e.g., 
exons in a mature mRNA transcript that may or may not be 
consecutive in the corresponding DNA molecule). In 
another desirable embodiment, the merged probe hybridizes 
to an exon and the consecutive intron. In desirable embodi 
ments, the merged probe hybridizes to the same number of 
nucleotides in each exon or to the same number of nucle 
otides in the exon and intron. In various embodiments, the 
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length of the region of the merged probe that hybridizes to 
one exon differs by less than 60, 40, 20, 10, or 5% from the 
length of the region of the merged probe that hybridizes to 
the other eXon or to the intron. Desirably, the merged probe 
is at least 90, 95, 96, 97, 98, 99, or 100% identical to the 
corresponding region of a target nucleic acid. 
0196. By “poly-To tail “is meant a DNA polymer con 
sisting of 20 DNA-t units added by polymerase chain 
reaction as a tail to a nucleic acid Sequence, which is 
Subsequently cloned in a plasmid vector allowing in Vitro 
synthesis of poly(A)20 polyadenylated RNA. 
0197) By “mixmer” or “mixmer probe" is meant a nucleic 
acid (e.g., a probe or primer) that contains at least one LNA 
unit and at least one RNA or DNA unit (e.g., a naturally 
occurring RNA or DNA unit). 
0198 By “corresponding unmodified reference nucleo 
base' is meant a nucleobase that is not part of an LNA unit 
and is in the same orientation as the nucleobase in an LNA 
unit. 

0199. By “mutation” is meant an alteration in a naturally 
occurring or reference nucleic acid Sequence, Such as an 
insertion, deletion, frameshift mutation, Silent mutation, 
nonsense mutation, or missense mutation. Desirably, the 
amino acid Sequence encoded by the nucleic acid Sequence 
has at least one amino acid alteration from a naturally 
occurring Sequence. 
0200. By “selecting is meant Substantially partitioning a 
molecule from other molecules in a population. Desirably, 
the partitioning provides at least a 2-fold, desirably, a 
30-fold, more desirably, a 100-fold, and most desirably, a 
1,000-fold enrichment of a desired molecule relative to 
undesired molecules in a population following the Selection 
Step. The Selection Step may be repeated a number of times, 
and different types of Selection Steps may be combined in a 
given approach. The population desirably contains at least 
109 molecules, more desirably at least 101, 1013, or 1014 
molecules and, most desirably, at least 1015 molecules. 
0201 By a “population” is meant more than one nucleic 
acid. A "population' according to the invention desirably 
means more than 101, 102, 103, or 104 different molecules. 
0202 By “photochemically active groups” is meant com 
pounds which are able to undergo chemical reactions upon 
irradiation with light. Illustrative examples of functional 
groups are quinones, especially 6-methyl-1,4-naphto 
quinone, anthraquinone, naphtoquinone, and 1,4-dimethyl 
anthraquinone, diazirines, aromatic azides, benzophenones, 
pSoralens, diaZO compounds, and diazirino compounds. 
0203 By “thermochemically reactive group” is meant a 
functional group which is able to undergo thermochemi 
cally-induced covalent bond formation with other groups. 
Illustrative examples of functional parts of thermochemi 
cally reactive groups are carboxylic acids, carboxylic acid 
esterS Such as activated esters, carboxylic acid halides Such 
as acid fluorides, acid chlorides, acid bromide, acid iodides, 
carboxylic acid azides, carboxylic acid hydrazides, Sulfonic 
acids, Sulfonic acid esters, Sulfonic acid halides, Semicarba 
Zides, thiosemicarbazides, aldehydes, ketones, primary alco 
hols, Secondary alcohols, tertiary alcohols, phenols, alkyl 
halides, thiols, disulphides, primary amines, Secondary 
amines, tertiary amines, hydrazines, epoxides, maleimides, 
and boronic acid derivatives. 
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0204. By “chelating group” is meant a molecule that 
contains more than one binding site and frequently binds to 
another molecule, atom, or ion through more than one 
binding Site at the same time. Examples of functional parts 
of chelating groups are iminodiacetic acid, nitrilotriacetic 
acid, ethylenediamine tetraacetic acid (EDTA), and amino 
phosphonic acid. 

0205 By “reporter group” is meant a group which is 
detectable either by itself or as a part of an detection Series. 
Examples of functional parts of reporter groups are biotin, 
digoxigenin, fluorescent groups (e.g., groups which are able 
to absorb electromagnetic radiation, e.g. light or X-rays, of 
a certain wavelength, and which Subsequently reemit the 
energy absorbed as radiation of longer wavelength; Such as 
dansyl (5-dimethylamino)-1-naphthalenesulfonyl), DOXYL 
(N-oxyl-4,4-dimethyloxazolidine), PROXYL (N-oxyl-2.2.5, 
5-tetramethylpyrrolidine), TEMPO(N-oxyl-2,2,6,6-tetram 
ethylpiperidine), dinitrophenyl, acridines, coumarins, Cy3 
and Cy5 (trademarks for Biological Detection Systems, 
Inc.), erythrosine, coumaric acid, umbelliferone, Texas red, 
rhodamine, tetramethyl rhodamine, Rox, 7-nitrobenzo-2- 
oxa- 1-diazole (NBD), pyrene, fluorescein, Europium, 
Ruthenium, Samarium, and other rare earth metals), radio 
isotopic labels, chemiluminescence labels (i.e., labels that 
are detectable via the emission of light during a chemical 
reaction), spin labels (a free radical e.g., Substituted organic 
nitroxides) or other paramagnetic probes (e.g., Cu2+ or 
Mg") bound to a biological molecule being detectable by 
the use of electron spin resonance spectroscopy), enzymes 
(Such as peroxidases, alkaline phosphatases, f-galactosi 
dases, and glycose oxidases), antigens, antibodies, haptens 
(e.g., groups which are able to combine with an antibody, but 
which cannot initiate an immune response by itself, Such as 
peptides and Steroid hormones), carrier Systems for cell 
membrane penetration, fatty acid units, Steroid moieties 
(cholesteryl), Vitamin A, Vitamin D, Vitamin E, folic acid 
peptides for Specific receptors, groups for mediating endocy 
tose, epidermal growth factor (EGF), bradykinin, and plate 
let derived growth factor (PDGF). Especially desirable 
groups are biotin, fluorescein, Texas Red, rhodamine, dini 
trophenyl, digoxigenin, Ruthenium, Europium, Cy5, and 
Cy3. 

0206 By “ligand” is meant a compound which binds. 
Ligands can comprise functional groupS. Such as aromatic 
groups (Such as benzene, pyridine, naphthalene, anthracene, 
and phenanthrene), heteroaromatic groups (such as 
thiophene, furan, tetrahydrofuran, pyridine, dioxane, and 
pyrimidine), carboxylic acids, carboxylic acid esters, car 
boxylic acid halides, carboxylic acid azides, carboxylic acid 
hydrazides, Sulfonic acids, Sulfohic acid esters, Sulfonic acid 
halides, Semicarbazides, thiosemicarbazides, aldehydes, 
ketones, primary alcohols, Secondary alcohols, tertiary alco 
hols, phenols, alkyl halides, thiols, disulphides, primary 
amines, Secondary amines, tertiary amines, hydrazines, 
epoxides, maleimides, C-Co alkyl groups optionally inter 
rupted or terminated with one or more heteroatoms Such as 
oxygen atoms, nitrogen atoms, and/or Sulphur atoms, 
optionally containing aromatic or mono/polyunsaturated 
hydrocarbons, polyoxyethylene Such as polyethylene glycol, 
oligo/polyamides Such as poly-C-alanine, polyglycine, 
polylysine, peptides, oligo/polysaccharides, oligo/polyphoS 
phates, toxins, antibiotics, cell poisons, and Steroids. "Affin 
ity ligands' include functional groups or biomolecules that 
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have a Specific affinity for Sites on particular proteins, 
antibodies, poly- and oligosaccharides, and other biomol 
ecules. 

0207. It should be understood that the above-mentioned 
Specific examples under DNA intercalators, photochemi 
cally active groups, thermochemically active groups, chelat 
ing groups, reporter groups, and ligands correspond to the 
“active/functional” part of the groups in question. For the 
person skilled in the art it is furthermore clear that DNA 
intercalators, photochemically active groups, thermochemi 
cally active groups, chelating groups, reporter groups, and 
ligands are typically represented in the form M-K- where M 
is the “active/functional” part of the group in question and 
where K is a spacer through which the “active/functional” 
part is attached to the 5- or 6-membered ring. Thus, it should 
be understood that the group B, in the case where B is 
selected from DNA intercalators, photochemically active 
groups, thermochemically active groups, chelating groups, 
reporter groups, and ligands, has the form M-K-, where M 
is the “active/functional” part of the DNA intercalator, 
photochemically active group, thermochemically active 
group, chelating group, reporter group, and ligand, respec 
tively, and where K is an optional Spacer comprising 1-50 
atoms, desirably 1-30 atoms, in particular 1-15 atoms, 
between the 5- or 6-membered ring and the “active/func 
tional” part. 
0208. By “spacer” is meant a thermochemically and 
photochemically non-active distance-making group and is 
used to join two or more different moieties of the types 
defined above. Spacers are Selected on the basis of a variety 
of characteristics including their hydrophobicity, hydrophi 
licity, molecular flexibility and length (e.g., Hermanson et. 
al., “Immobilized Affinity Ligand Techniques.” Academic 
Press, San Diego, Calif. (1992). Generally, the length of the 
Spacers is less than or about 400 A, in Some applications 
desirably less than 100 A. The Spacer, thus, comprises a 
chain of carbon atoms optionally interrupted or terminated 
with one or more heteroatoms, Such as oxygen atoms, 
nitrogen atoms, and/or Sulphur atoms. Thus, the Spacer K 
may comprise one or more amide, ester, amino, ether, and/or 
thioether functionalities, and optionally aromatic or mono/ 
polyunsaturated hydrocarbons, polyoxyethylene Such as 
polyethylene glycol, oligo/polyamides Such as poly-C.-ala 
nine, polyglycine, polylysine, peptides, oligosaccharides, or 
oligo/polyphosphates. Moreover the Spacer may consist of 
combined units thereof. The length of the Spacer may vary, 
taking into consideration the desired or necessary position 
ing and Spatial orientation of the “active/functional part of 
the group in question in relation to the 5- or 6-membered 
ring. In particularl embodiments, the Spacer includes a 
chemically cleavable group. Examples of Such chemically 
cleavable groups include disulphide groups cleavable under 
reductive conditions and peptide fragments cleavable by 
peptidases. 

0209. By “target nucleic acid” or “nucleic acid target' is 
meant a particular nucleic acid Sequence of interest. Thus, 
the “target can exist in the presence of other nucleic acid 
molecules or within a larger nucleic acid molecule. 
0210. By “solid support” is meant any rigid or semi-rigid 
material to which a nucleic acid binds or is directly or 
indirectly attached. The Support can be any porous or 
non-porous water insoluble material, including without limi 
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tation, membranes, filters, chips, Slides, wafers, fibers, mag 
netic or nonmagnetic beads, gels, tubing, Strips, plates, rods, 
polymers, particles, microparticles, capillaries, and the like. 
The Support can have a variety of Surface forms, Such as 
Wells, trenches, pins, channels and pores. 
0211. By an “array' is meant a fixed pattern of at least 
two different immobilized nucleic acids on a Solid Support. 
Desirably, the array includes at least 102, more desirably, at 
least 103, and, most desirably, at least 1 different nucleic 
acids. 

0212. By “antisense nucleic acid” is meant a nucleic acid, 
regardless of length, that is complementary to a coding 
strand or mRNA of interest. In some embodiments, the 
antisense molecule inhibits the expression of only one 
nucleic acid, and in other embodiments, the antisense mol 
ecule inhibits the expression of more than one nucleic acid. 
Desirably, the antisense nucleic acid decreases the expres 
Sion or biological activity of a nucleic and or encoded 
protein by at least 20, 40, 50, 60, 70, 80, 90, 95, or 100%. 
An antisense molecule can be introduced, e.g., to an indi 
vidual cell or to whole animals, for example, it may be 
introduced Systemically via the bloodstream. Desirably, a 
region of the antisense nucleic acid or the entire antisense 
nucleic acid is at least 70, 80, 90, 95, 98, or 100% comple 
mentary to a coding sequence, regulatory region (5' or 3 
untranslated region), or an mRNA of interest. Desirably, the 
region of complementarity includes at least 5, 10, 20, 30, 50, 
75, 100, 200, 500, 1000, 2000 or 5000 nucleotides or 
includes all of the nucleotides in the antisense nucleic acid. 

0213. In some embodiments, the antisense molecule is 
less than 200, 150, 100, 75, 50, or 25 nucleotides in length. 
In other embodiments, the antisense molecule is less than 
50,000; 10,000; 5,000; or 2,000 nucleotides in length. In 
certain embodiments, the antisense molecule is at least 200, 
300, 500, 1000, or 5000 nucleotides in length. In some 
embodiments, the number of nucleotides in the antisense 
molecule is contained in one of the following ranges: 5-15 
nucleotides, 16-20 nucleotides, 21-25 nucleotides, 26-35 
nucleotides, 36-45 nucleotides, 46-60 nucleotides, 61-80 
nucleotides, 81-100 nucleotides, 101-150 nucleotides, or 
151-200 nucleotides, inclusive. In addition, the antisense 
molecule may contain a Sequence that is less than a full 
length Sequence or may contain a full-length Sequence. 

0214. By “double stranded nucleic acid” is meant a 
nucleic acid containing a region of two or more nucleotides 
that are in a double Stranded conformation. In various 
embodiments, the double Stranded nucleic acids consist 
entirely of LNA units or a mixture of LNA units, ribonucle 
otides, and/or deoxynucleotides. The double Stranded 
nucleic acid may be a single molecule with a region of 
Self-complementarity Such that nucleotides in one Segment 
of the molecule base-pair with nucleotides in another Seg 
ment of the molecule. Alternatively, the double stranded 
nucleic acid may include two different Strands that have a 
region of complementarity to each other. Desirably, the 
regions of complementarity are at least 70, 80,90, 95, 98, or 
100% identical. Desirably, the region of the double stranded 
nucleic acid that is present in a double Stranded conforma 
tion includes at least 5, 10, 20, 30, 50, 75, 100, 200, 500, 
1000, 2000 or 5000 nucleotides or includes all of the 
nucleotides in the double stranded nucleic acid. Desirable 
double Stranded nucleic acid molecules have a Strand or 
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region that is at least 70, 80, 90, 95, 98, or 100% identical 
to a coding region or a regulatory Sequence (e.g., a tran 
Scription factor binding site, a promoter, or a 5" or 3' 
untranslated region) of a nucleic acid of interest. In Some 
embodiments, the double Stranded nucleic acid is less than 
200, 150, 100, 75, 50, or 25 nucleotides in length. In other 
embodiments, the double Stranded nucleic acid is less than 
50,000; 10,000; 5,000; or 2,000 nucleotides in length. In 
certain embodiments, the double Stranded nucleic acid is at 
least 200, 300, 500, 1000, or 5000 nucleotides in length. In 
Some embodiments, the number of nucleotides in the double 
Stranded nucleic acid is contained in one of the following 
ranges: 5-15 nucleotides, 16-20 nucleotides, 21-25 nucle 
otides, 26-35 nucleotides, 36-45 nucleotides, 46-60 nucle 
otides, 61-80 nucleotides, 81-100 nucleotides, 101-150 
nucleotides, or 151-200 nucleotides, inclusive. In addition, 
the double Stranded nucleic acid may contain a Sequence that 
is less than a full-length Sequence or may contain a full 
length Sequence. 

0215. In some embodiments, the double stranded nucleic 
acid inhibits the expression of only one nucleic acid, and in 
other embodiments, the double Stranded nucleic acid mol 
ecule inhibits the expression of more than one nucleic acid. 
Desirably, the nucleic acid decreases the expression or 
biological activity of a nucleic acid of interest or a protein 
encoded by a nucleic acid of interest by at least 20, 40, 50, 
60, 70, 80, 90, 95, or 100%. A double stranded nucleic acid 
can be introduced, e.g., to an individual cell or to whole 
animals, for example, it may be introduced systemically via 
the bloodstream. 

0216) In various embodiments, the double stranded 
nucleic acid or antisense molecule includes one or more 
LNA nucleotides, one or more universal bases, and/or one or 
more modified nucleotides in which the 2' position in the 
Sugar (e.g., ribose or xylose) contains a halogen (Such as 
fluorine group) or contains an alkoxy group (Such as a 
methoxy group) which increases the half-life of the double 
Stranded nucleic acid or antisense molecule in vitro or in 
Vivo compared to the corresponding double Stranded nucleic 
acid or antisense molecule in which the corresponding 2 
position contains a hydrogen or an hydroxyl group. In yet 
other embodiments, the double Stranded nucleic acid or 
antisense molecule includes one or more linkages between 
adjacent nucleotides other than a naturally-occurring phos 
phodiester linkage. Examples of Such linkages include phos 
phoramide, phosphorothioate, and phosphorodithioate link 
ages. Desirably, the double Stranded or antisense molecule is 
purified. 

0217 By “purified” is meant separated from other com 
ponents that naturally accompany it. Typically, a factor is 
substantially pure when it is at least 50%, by weight, free 
from proteins, antibodies, and naturally-occurring organic 
molecules with which it is naturally associated. Desirably, 
the factor is at least 75%, more desirably, at least 90%, and 
most desirably, at least 99%, by weight, pure. A substantially 
pure factor may be obtained by chemical Synthesis, Separa 
tion of the factor from natural Sources, or production of the 
factor in a recombinant host cell that does not naturally 
produce the factor. Nucleic acids and proteins may be 
purified by one skilled in the art using Standard techniques 
such as those described by Ausubel et al. (Current Protocols 
in Molecular Biology, John Wiley & Sons, New York, 2000). 
The factor is desirably at least 2, 5, or 10 times as pure as 
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the Starting material, as measured using polyacrylamide gel 
electrophoresis, column chromatography, optical density, 
HPLC analysis, or western analysis (Ausubel et al., Supra). 
Desirable methods of purification include immunoprecipi 
tation, column chromatography Such as immunoaffinity 
chromatography, magnetic bead immunoaffinity purifica 
tion, and panning with a plate-bound antibody. 
0218. By “treating, Stabilizing, or preventing a disease, 
disorder, or condition' is meant preventing or delaying an 
initial or Subsequent occurrence of a disease, disorder, or 
condition, increasing the disease-free Survival time between 
the disappearance of a condition and its reoccurrence, Sta 
bilizing or reducing an adverse Symptom associated with a 
condition; or inhibiting or Stabilizing the progression of a 
condition. Desirably, at least 20, 40, 60, 80, 90, or 95% of 
the treated Subjects have a complete remission in which all 
evidence of the disease disappears. In another desirable 
embodiment, the length of time a patient Survives after being 
diagnosed with a condition and treated with a nucleic acid of 
the invention is at least 20, 40, 60, 80, 100, 200, or even 
500% greater than (i) the average amount of time an 
untreated patient Survives or (ii) the average amount of time 
a patient treated with another therapy Survives. 
0219. By “treating, stabilizing, or preventing cancer' is 
meant causing a reduction in the size of a tumor, Slowing or 
preventing an increase in the size of a tumor, increasing the 
disease-free Survival time between the disappearance of a 
tumor and its reappearance, preventing an initial or Subse 
quent occurrence of a tumor, or reducing an adverse Symp 
tom associated with a tumor. In one desirable embodiment, 
the number of cancerous cells Surviving the treatment is at 
least 20, 40, 60, 80, or 100% lower than the initial number 
of cancerous cells, as measured using any Standard assay. 
Desirably, the decrease in the number of cancerous cells 
induced by administration of a nucleic acid of the invention 
(e.g., a nucleic acid with Substantial complementarily to a 
nucleic acid associated with cancer Such as an oncogene) is 
at least 2, 5, 10, 20, or 50-fold greater than the decrease in 
the number of non-cancerous cells. In yet another desirable 
embodiment, the number of cancerous cells present after 
administration of a nucleic acid of the invention is at least 2, 
5, 10, 20, or 50-fold lower than the number of cancerous 
cells present prior to the administration of the compound or 
after administration of a buffer control. 

0220 Desirably, the methods of the present invention 
result in a decrease of 20, 40, 60, 80, or 100% in the size of 
a tumor as determined using Standard methods. Desirably, at 
least 20, 40, 60, 80, 90, or 95% of the treated subjects have 
a complete remission in which all evidence of the cancer 
disappears. Desirably, the cancer does not reappear or reap 
pears after at least 5, 10, 15, or 20 years. 
0221 Exemplary cancers that can be treated, stabilized, 
or prevented using the above methods include prostate 
cancers, breast cancers, OVarian cancers, pancreatic cancers, 
gastric cancers, bladder cancers, Salivary gland carcinomas, 
gastrointestinal cancers, lung cancers, colon cancers, mela 
nomas, brain tumors, leukemias, lymphomas, and carcino 
mas. Benign tumors may also be treated or prevented using 
the methods and nucleic acids of the present invention. 
0222 By “infection” is meant the invasion of a host 
animal by a pathogen (e.g., a bacteria, yeast, or virus). For 
example, the infection may include the excessive growth of 
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a pathogen that is normally present in or on the body of an 
animal or growth of a pathogen that is not normally present 
in or on the animal. More generally, an infection can be any 
Situation in which the presence of a pathogen population(s) 
is damaging to a host. Thus, an animal is "Suffering from 
an infection when an excessive amount of a pathogen 
population is present in or on the animal's body, or when the 
presence of a pathogen population(s) is damaging the cells 
or other tissue of the animal. In one embodiment, the number 
of a particular genus or Species of pathogen is at least 2, 4, 
6, or 8 times the number normally found in the animal. 
0223) A bacterial infection may be due to gram positive 
and/or gram negative bacteria. In desirable embodiments, 
the bacterial infection is due to one or more of the following 
bacteria: Chlamydophila pneumoniae, C. pSittaci, C. abor 
tus, Chlamydia trachomatis, Simkania negevensis, 
Parachlamydia acanthamoebae, Pseudomonas aeruginosa, 
Palcaligenes, P. chlororaphis, Pfluorescens, P. luteola, P 
mendocina, P. monteilii, P. Oryzihabitans, P. pertocinogena, 
P. pseudalcaligenes, P. putida, P. Stutzeri, Burkholderia 
cepacia, Aeromonas hydrophilia, Escherichia coli, Citro 
bacter freundii, Salmonella typhimurium, S. typhi, S. 
paratyphi, S. enteritidis, Shigella dysenteriae, S. flexneri, S. 
Sonnei, Enterobacter cloacae, E. aerogenes, Klebsiella 
pneumoniae, K. Oxytoca, Serratia marceScens, Francisella 
tularensis, Morganella morganii, Proteus mirabilis, Proteus 
vulgaris, Providencia alcalifaciens, P retigeri, P Stuartii, 
Acinetobacter calcoaceticus, A. haemolyticus, Yersinia 
enterOcolitica, Y. pestis, Y. pseudotuberculosis, Y interme 
dia, Bordetella pertussis, B. parapertussis, B. bronchisep 
tica, Haemophilus influenzae, H. parainfluenzae, H. 
haemolyticus, H. parahaemolyticus, H. ducreyi, Pasteurella 
multocida, P. haemolytica, Branhamella catarrhalis, Heli 
cobacter pylori, Campylobacter fetus, C. jejuni, C. coli, 
Borrelia burgdorferi, V. cholerae, V parahaemolyticus, 
Legionella pneumophila, Listeria monocytogenes, Neisseria 
gonorrhea, N. meningitidis, Kingella dentrificans, K. kin 
gae, K. Oralis, Moraxella catarrhalis, Matlantae, M lacu 
nata, M. nonliquefaciens, M. Osloensis, M phenylpyruvica, 
Gardnerella vaginalis, Bacteroidesfragilis, Bacteroides dis 
taSOnis, Bacteroides 3452A homology group, BacterO ideS 
vulgatus, B. Ovalus, B. thetaiota Omicron, B. uniformis, B. 
eggerthii, B. splanchinicus, CloStridium difficile, Mycobac 
terium tuberculosis, M. avium, M intracellulare, M leprae, 
C. diphtheriae, C. ulcerans, C. accolens, C. afermenians, C. 
amycolatum, C. argentorense, C. auris, C. bovis, C. Con 
fusum, C. Coyleae, C. durum, C. falsenii, C. glucuronolyti 
cum, C. imitans, C. jeikeium, C. kutscheri, C. kroppenStedtii, 
C. lipophilum, C. macginleyi, C. matriuchoti, C. mucifaciens, 
C. pilosum, C. propinquum, C. renale, C. riegelii, C. San 
guinis, C. Singulare, C. Striatum, C. Sundsvallense, C. 
thomSSenii, C. urealyticum, C. xerosis, StreptococcuS pneu 
moniae, S. agalactiae, S. pyogenes, EnterOCOccuS avium, E. 
casselliflavus, E. Cecorum, E. dispar, E. durans, E. faecalis, 
E. faecium, E. flavescens, E. gallinarum, E. hirae, E. mal 
Odoratus, E. mundtii, E. pseudoavium, E. rainOSuS, E. 
Solitarius, StaphylococcuS aureus, S. epidermidis, S. 
Saprophyticus, S. intermedius, S. hyicus, S. haemolyticus, S. 
hominis, and/or S. Saccharolyticus. Desirably, a nucleic acid 
is administered in an amount Sufficient to prevent, Stabilize, 
or inhibit the growth of a pathogenic bacteria or to kill the 
bacteria. 

0224. In various embodiments, the viral infection rel 
evant to the methods of the invention is an infection by one 
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or more of the following viruses: West Nile virus (e.g., 
Samuel, “Host genetic variability and West Nile virus sus 
ceptibility,” Proc. Natl. Acad. Sci. USA Aug. 21, 2002; 
Beasley, Virology 2.96:17-23, 2002), Hepatitis, picornarirus, 
polio, HIV, coxsacchie, herpes (e.g., Zoster, simplex, EBV, 
or CMV), adenovirus, retrovius, falvi, pox, rhabdovirus, 
picorna virus (e.g., coxsachie, entero, hoof and mouth, polio, 
or rhinovirus), St. Louis encephalitis, Epstein-Barr, myxovii 
rus, JC, coXSakievirus B, togavirus, measles, paramyxovii 
rus, echovirus, bunyavirus, cytomegalovirus, varicella 
Zoster, mumps, equine encephalitis, lymphocytic 
choriomeningitis, rabies, Simian virus 40, polyoma virus, 
parvovirus, papilloma virus, primate adenovirus, and/or BK. 
0225. By “mammal in need of treatment” is meant a 
mammal in which a disease, disorder, or condition is treated, 
Stabilized, or prevented by the administration of a nucleic 
acid of the invention. 

0226. Other aspects and embodiments of the invention 
are in the detailed description and claims below. Addition 
ally, other nucleic acids and methods described in U.S. Ser. 
No. 10/105,639 (Jakobsen et al., “Modified Oligonucle 
otides and Uses Thereof) or U.S. S. No. 60/410,061 (Ram 
sing et al., “Populations of Oligonucleotides with Duplex 
Stabilizing Properties and Uses Thereof) which are hereby 
incorporated by reference, can be used in the present inven 
tion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0227 FIG. 1 shows the structures of selected nucleotide 
monomers: DNA (T), LNA (TL), pyrene DNA (Py), 
2'-OMe-RNA 2'-OMe(T)), abasic LNA (AbL), phenyl LNA 
(17a), and pyrenyl LNA (17d). 
0228 FIG. 2 illustrates the chemical structures of Selec 
tive Binding Complementary (SBC) nucleotides. 
0229 FIG. 3 shows the base-pairing between modified 
bases and naturally-occurring nucleotides. These modified 
bases may be incorporated as part of an LNA, DNA, or RNA 
unit and used any of the oligomers of the invention. 
0230 FIGS. 4A and 4B show the sensitivity of 50-mer 
LNA capture probes compared to 50-mer DNA capture 
probes. SWI 5-specific 50-mer DNA oligonucleotides (green 
bars) and 50-mer capture probes with an LNA nucleotide 
incorporated at every third nucleotide position (red bars) 
were printed at the oligo concentration indicated below. The 
slides were hybridized at 65° C. in 3xSSC (FIG. 4A) and at 
70° C. in 3xSSC (FIG. 4B). 
0231 FIGS. 5A and 5B show the specificity of 40-mer 
LNA capture probes (red bars) compared to DNA capture 
probes (green bars). The hybridizations were carried out at 
65 C. in 3xSSC. Bars 1 and 7 represent perfectly matched 
duplexes, bars 2 and 8, 3, and 9, 4 and 10, 5 and 11, and 6 
and 12 represent duplexes with 1, 2, 3, 4, 5 mismatches, 
respectively. The in vitro RNA used was SW15 in FIG. 5A 
and TH114 in FIG. 5B. 

0232 FIG. 6 shows the detection principle for alternative 
exon skipping in the C. elegans let-2 gene using LNA 
oligonucleotide capture probes and comparative expression 
profiling. 
0233 FIG. 7 shows the detection of alternative splicing 
of C. elegans Let-2 exon 9 and 10 using LNA-modified 
capture probes. 
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0234 FIGS. 8A and 8B show the comparison of DNA 
and LNA-modified oligonucleotide capture probes in the 
specific capture of the C. elegans TO1 D3.3 mRNA, exon 4. 
0235 FIG. 9 illustrates the LNA exon-exon junction 
(merged) probe concept. 
0236 FIGS. 10A and 10B show the capture probe speci 
ficity for the C. elegans T10D3.3 mRNA, exon 4 (FIG. 10A) 
and exon 5 (FIG. 10B) as validated by short complementary 
target oligonucleotides. 

0237 FIG. 11 shows the construction of the recombinant 
Splice variants in the in vitro transcription vector. The Small 
bars show the location of the hybridization for the oligo 
nucleotide capture probes used in this example. The 
Sequences of the capture probes are described herein. 

0238 FIGS. 12A (LNA probes) and 12B (DNA control 
probes) show the detection of splice variant #1 and #2, 
respectively using merged capture probes in a comparative, 
two-color hybridization. 
0239 FIG. 13 shows the sensitivity of 50-mer LNA 
capture probes compared to 50-mer DNA capture probes. 
SWI5-specific 50-mer DNA oligonucleotides and 50-mer 
capture probes with an LNA nucleotide incorporated at 
every second (LNA2) or third (LNA3) nucleotide position. 
The slides were hybridized at 65° C. in 3xSSC. 
0240 FIG. 14 is a bar graph of the signal intensities of 
a patient DNA sample hybridized to an array of the inven 
tion. The names of the probes in FIGS. 14 and 17 match, 
although the numbers used in FIG. 14 are abbreviated, e.g., 
probe No. 10580 Menkes. 1450NH2C.LNA in FIG. 17 
corresponds to the second probe counted from the left “14.2” 
LNA in the lower graph of FIG. 14. 
0241 FIG. 15 is a graph comparing the spot intensity for 
probes of the invention with different LNA substitution 
patterns. 

0242 FIG. 16 is a bar graph of the spot intensity for LNA 
probes for different exons. 
0243 FIG. 17 is a table of comparative genome hybrid 
ization (CGH) capture probe sequences. 
0244 FIG. 18 is a flow chart of the steps of oligo design 
Software of the invention. The OligoDesign software fea 
tures LNA modified oligonucleotide Secondary Structure 
prediction, LNASpiked oligonucleotide melting temperature 
prediction, genome wide croSS hybridization prediction, 
Secondary Structure prediction of the target, and recognition 
and filtering of the target in the genome. These features are 
determined for each possible probe of the query gene and 
presented to an artificial neural network. The probes are then 
ranked according to the neural network prediction and the 
top scoring probes are returned. 

0245 FIGS. 19A-19F are a schematic illustration of the 
OligoDesign software of the invention. 
0246 FIG. 20 illustrates photo-activated immobilization 
of nucleic acids of the invention, which enables polarized 
coupling of anthraquinone (AQ)-linked LNA oligonucle 
otides onto the polymer Surface. No pretreatment of the Slide 
is needed. A covalent bond is formed between the oligo 
nucleotide and the polymer using a UV Source, e.g. 
Stratalinker. 
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0247 FIG. 21 illustrates an injection-molded polymer 
Slide. Finger indents ease Slide handling. The slide has a 
well-defined printing and hybridization window, frosted 
Surface for identification and orientation, and Space for 
barcodes. 

0248 FIG. 22 illustrates spot quality on different slides 
that can be used to immobilize nucleic acids of the inven 
tion. The hydrophobic slide surface ensures that extremely 
homogenous spots are generated when hydrophilic Spotting 
Solution is applied to the Surface. A high Spot quality is 
obtained on the ImmobilizerTM polymer slide compared to a 
glass slide when using a Spot-to-spot distance of 150 uM. 
The high-quality arrays simplify downstream image analy 
SCS. 

0249 FIG. 23 is a schematic illustration of a method of 
the invention. 

0250 FIG.24 is a table of exemplary target nucleic acids 
(Holstege et al. (1998)(Cell 95, 717-728, and Causton et al. 
(2001) Mol. Biol. Cell 12,323-337). 
0251 FIG. 25 is a graph of Cy5 intensity. Yeast actin 
1-specific 50-mer capture probes were synthesized as DNA 
and DNA/LNA mixmer oligonucleotides. LNA-Substituted 
mixmer capture probes contain an LNA at every 4", 5", and 
6" nucleotide position (LNA 4, LNA 5, LNA 6). On 
chip melting profiles demonstrate a 8-10 C. increase in T. 
obtained with LNA capture probes. 

0252 FIG. 26A illustrates the heat-shock response in 
yeast. The array was hybridized with Cy3-labeled standard 
and Cy5-labelled heat-shock yeast cDNA. FIG. 26B also 
illustrates the heat-Shock response in yeast. The microarray 
data were normalized using yeast actin 1. The SSa4 gene 
encoding heat shock protein HSP70 is up-regulated over 
2-fold. Expression of the gual gene is down-regulated. 

0253 FIG. 27A compares expression of wild-type and 
SSa4 mutant yeast. The array was hybridized with Cy3 
labeled wild-type and Cy5-labelled Ssa4 mutant yeast 
cDNA. FIG. 27B also compares wild-type and Ssa4 yeast. 
The hybridization data were normalized using yeast actin 1. 
SSa4 is detected in the wild-type yeast Strain, but not in the 
SSa4 knock-out Strain. 

0254 FIG. 28 illustrates mRNA splicing. 
0255 FIG. 29 is a picture showing gel electrophoresis of 
fragmented cDNA from the yeast wild-type strain. The 
molecular marker (lane 1 and 9) is from Life technologies, 
USA. Lanes 2-8 represents the UDG-fragmented cDNA 1-7 
according to the different dUTP/dTTP ratios in Table 18. 

0256 FIG. 30 is a graph of the log ratios of the normal 
ized fluorescence intensities from the wild-type yeast Strain 
(signal) and those from the ASSa4 yeast Strain (noise) as a 
function of capture probe position in the 3' region of the 
SSA4 mRNA. 

0257 FIG.31 is a schematic illustration of mRNA splic 
ing. 

0258 FIG. 32 is a schematic illustration of alternative 
mRNA splicing. 

0259 FIG.33 is a schematic illustration of probes of the 
invention. 
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0260 FIG. 34 is a schematic illustration of probes of the 
invention. 

0261 FIG. 35 illustrates an exemplary computer for use 
in the methods of the invention. 

0262 FIGS. 36a-36d show the sensitivity and specificity 
of LNA oligonucleotide capture probes (black solid bars) 
compared to DNA capture probes (white, open bars) on 
expression microarrayS. Fluorescence intensity is shown in 
arbitrary units (relative measurements). The arrays compris 
ing 50-mer and 40-mer perfect match and 1-5 mismatch 
capture probes were hybridized at 65 C. in 3xSSC with 
Cy3-labelled cDNA from 10 ug C. elegans total RNA spiked 
with yeast a) SWI5 RNA and c) THI4 RNA. FIGS. 36b and 
36d demonstrate the improved mismatch discrimination 
with the 50-mer LNA probes by increasing the hybridization 
temperature from 65° C. to 70° C. hybridized with Cy3 
labelled cDNA from 10 ug C. elegans total RNA spiked with 
yeast b) SWI5 RNA and d) THI4 RNA. 
0263 FIG.37 shows the expected (black, solid bars) and 
observed (white, open bars) fold-of-change in the expression 
levels of the Cy3-ULS-labelled yeast HSP78 spike RNA as 
measured by on-chip capture using three different 25-mer 
oligonucleotide capture probes (DNA control, LNA-T sub 
stituted, LNA 3 substituted in which every third nucleotide 
was substituted with an LNA monomer). In the hybridiza 
tion experiment, one ng of HSP78 in vitro spike RNA or 200 
pg HSP78 in vitro spike RNA was used, respectively. Thus, 
the fold change of the HSP78 RNA in the two hybridizations 
in the comparison is 5-fold. Fourteen additional Synthetic in 
vitro mRNA spike controls were included in the hybridisa 
tion Solution as a Semi-complex background RNA mixture. 
Seven of these Spikes were used as normalization controls, 
the remaining Seven were used as negative controls. Hybrid 
ization temperature was 65 C. for 16 hours, and post 
hybridization washes as described. Both LNA T and 
LNA 3 substituted 25-mer probes are capable of providing 
highly accurate measurements for fold-of-changes in gene 
expression levels, as depicted in FIG. 37. Under these 
conditions the DNA capture probes did not hybridize. 
0264 FIG. 38 shows the measured intensity levels by 
on-chip capture using three different 25-mer oligonucleotide 
capture probe designs (DNA control, LNA T substituted 
and LNAC and T substituted probes). One (1) ng biotin 
labeled HSP78 target was used in the hybridization experi 
ments, followed by staining with Streptavidin Phycoeryth 
rin. The LNA T and LNA TC Substituted 25-mer capture 
probes show a Significantly enhanced on-chip capture of the 
HSP78 RNA target, compared to the DNA 25-mer control 
probes under four different hybridization Stringency condi 
tions in dicated on the graph. 
0265 FIG. 39 shows the detection of alternatively 
spliced mRNAS using LNA-Substituted 50-mer oligonucle 
otide capture probes. Parts per million (ppm) calculations 
indicate Spike transcripts per total transcripts in the hybridi 
sation mix. Calculations are based on an average C. elegans 
RNA being 1000 nucleotides as in Hill et al. (2000) Science 
290:809-812. The 50-mer LNA-DNA mixmer capture 
probes, substituted with an LNA nucleotide at every third 
nucleotide position, are able to provide highly accurate 
measurements for fold-changes in the expression of three 
homologous, alternatively spliced mRNA variants in the 
concentration range of 1000 ppm to 10 ppm. The quantifi 
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cation of the Splice isoforms was carried out using a set of 
both internal, exon-specific probes and merged, Splice junc 
tion Specific probes, printed onto microarrays and hybrid 
ized with complex cDNA target pools spiked with different 
cloned artificial splice isoforms in which the middle exon 
was either alternatively skipped or excluded completely 
resulting in the three different splice isoforms; 01-INS3-03, 
O1-INS4-03 and 01-03. 

0266 FIG. 40 shows the detection of alternatively 
spliced mRNAS using LNA-Substituted 40-mer oligonucle 
otide capture probes. Parts per million (ppm) calculations 
indicate Spike transcripts per total transcripts in the hybridi 
sation mix. Calculations are based on an average C. elegans 
RNA being 1000 nucleotides as in Hill et al. (2000) Science 
290:809-812. The 40-mer LNA-DNA mixmer capture 
probes, substituted with an LNA nucleotide at every third 
nucleotide position, are able to provide highly accurate 
measurements for fold-changes in the expression of three 
homologous, alternatively spliced mRNA variants in the 
concentration range of 1000 ppm to 10 ppm. The quantifi 
cation of the Splice isoforms was carried out using a set of 
both internal, exon-specific probes and merged, Splice junc 
tion Specific probes, printed onto microarrays and hybrid 
ized with complex cDNA target pools spiked with different 
cloned artificial splice isoforms in which the middle exon 
was either alternatively skipped or excluded completely 
resulting in the three different splice isoforms; 01-INS3-03, 
O1-INS4-03 and 01-03. 

0267 FIGS. 41A-41E show the comparison of different 
LNA/DNA mixmer oligonucleotide probes in the detection 
of human Satellite-2 repeats by fluorescence in Situ hybrid 
ization. Experiment conditions: 6.4 pmoles of Cy3 labeled 
probe was hybridized for 30 minutes at 37 C., after simul 
taneous denaturation of the target and the probe at 75 C. for 
5 minutes. A. LNA-2 giving Signals on chromosomes 1, 16, 
9 and 15, B. LNA-3 giving bright signals on chromosomes 
1, 16 and 9, C. Dispersed LNA giving Signals on chromo 
Somes 1 and 16 only, D. LNA Block giving Smaller signals 
on chromosome 1, E. DNA control oligonucleotide FISH 
probe giving no signals on any of the chromosomes. 
0268 FIG. 42. Illustrates the hybridisation of the Cy3 
labelled human telomere repeat specific, LNA-2 substituted 
oligonucleotide probe on human metaphase chromosomes 
resulted in prominent Signals on the telomeres. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0269. Detection and Analysis of mRNA Splice Variants 
0270. Alternative splicing is the process by which differ 
ent mature messenger RNAS are produced from the same 
pre-mRNA. Because the mRNA composition of a given cell 
determines the proteins present in a cell, this proceSS is an 
important aspect of a cells gene expression profile. Current 
investigations of transcriptomes (i.e., the total complexity of 
RNA transcripts produced by an organism) indicate that at 
least 50-60% of the genes of complex eukaryotes produce 
more than one splice variant. The present invention provides 
a novel method for detecting and quantifying the levels of 
Splice variants in complex mRNA pools using LNA dis 
criminating probes and high-throughput LNA oligonucle 
otide microarray technology. The detection concept which 
uses internal LNA exon probes and/or Splice-variant Specific 
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exon-exonjunction or exon-intron or intron-exon (so-called 
merged) probes is depicted in FIG. 9. 
0271 Internal, exon-specific (or intron-specific) LNA 
oligonucleotide probes are designed and used to detect the 
relative levels of a given exon (or intron) in complex mRNA 
pools using oligonucleotide microarray technology or Simi 
lar techniques. Exon-exon LNA junction probes are 
designed for multiple or all possible exon-exon combina 
tions or exon-intron combinations. The LNA discriminating 
probes are highly specific and Superior compared to DNA 
oligonucleotides due to the higher AT of LNA probes. 
These probes can be used to determine the Sequential order 
of each Sub-element (i.e., exon structure or exon-intron 
Structure) in a given alternatively spliced mRNA isoform, 
thus giving the exact composition of the mRNA. Subse 
quently, the ratioS of each splice variant can be quantified 
using the combined readouts from both internal and merged 
LNA probes and control probes. The invention is applicable 
both in Single fluor (Single channel) or comparative two 
fluor (two channel) microarray hybridizations. 
0272. Several “artificial,” alternatively spliced mRNA 
molecules may be constructed in an in Vitro transcription 
vector for the production of clean IVT RNA. Both internal 
and junction-specific LNA oligonucleotide capture probes 
are designed, Synthesized, and Spotted onto, e.g., Exiqon's 
polymer microarray platform. The resulting Splice-specific 
microarray is used to validate the LNA discriminating probe 
concept by spiking the in vitro RNAS individually as well as 
in different ratios into a complex RNA background for 
fluorochrome-labelling and array hybridization. 
0273. The internal and merged probes of the invention 
can also be used in any Standard method for the analysis of 
mRNA splice variants (see, for example, Yeakley et al., 
Nature Biotechnology 20:353-358, 2002; Clark et al., Sci 
ence 296:907-910, 2002; Mutch et al., Genome Biology 
2(12):preprint.00009.1-0009.31, 2001). 
0274 Exemplary Applications of Internal and/or Merged 
Probes 

0275. The internal and/or merged probes of the invention 
can also be used for gene expression profiling of alternative 
Splice variants, oligonucleotide expression microarrayS, 
real-time PCR, and profiling of alternatively spliced mRNAS 
using microtiterplate assays or fiber-optic arrayS. 

0276 Detection and characterization of alternative splic 
ing is particularly useful for the Study and treatment of 
human disease (exonhit website, “Inaugural Splicing 2002 
Concludes: Alternative Splicing May Make All the Differ 
ence in Discovering the Origin of Disease). In particular, 
RNA splicing is now widely recognized as a means to 
generate protein diversity. Alternative splicing is a key 
mechanism for regulating gene expression, and any muta 
tion or defect in its regulation can impact considerably cell 
functions. Therefore, it is likely to be an important Source of 
novel gene and protein targets implicated in human pathol 
ogy. Industry has long recognized the need for innovative 
discovery technologies that focuses on the origin of disease 
for the development of novel diagnostics and therapeutics. 
0277. In particular, there are many examples of human 
pathologies caused by alterations in normal patterns of 
alternative RNA Splicing. Because a large number of human 
genes undergo alternative splicing, the protein isoforms that 
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result from this process represent a major Source of targets 
for commercial development of therapies and diagnostics. In 
particular, Splicing processes play a significant role in the 
onset and development of cardiovascular, muscular, CNS 
diseases, and cancer. Early evidence indicates the origin of 
many diseases can be identified by examining alternative 
Splicing which leads to the point of intervention for dis 
covering future generations of drugs. The Study of Splicing 
enables the discovery of new mechanisms underlying dis 
ease progression. 

0278 Comparative Genomic Hybridization 

0279 Comparative Genomic Hybridization (CGH) is a 
powerful technology for detection of unbalanced chromo 
Some rearrangements and holds much promise for Screening 
and identification of interstitial Submicroscopic rearrange 
ments that otherwise cannot be detected using classical 
cytogenetic or FISH technologies. The adaptation of CGH 
onto an oligo microarray platform allows detection of Small 
Single exon deletion/duplications on a genome wide Scale. 
There is a strong need for developing microarrays that can 
detect, e.g., Single exon aberrations. This detection can be 
achieved by employing LNA mixmer oligos as capture 
probes for individual exons in Selected genes. A model 
system for these methods is the Menkes loci. Menkes 
disease is a lethal-X linked recessive disorder associated 
with copper metabolism disturbance leading to death in 
early childhood. The Menkes locus has been mapped to 
Xq13. The gene spans about 150 kb genomic region, con 
tains 23 exons, and encodes a 8.5 kb gene transcript. The 
gene for Menkes disease (now designated as A TP7A) 
encodes a 1500 amino acid membrane-bound Cu-binding 
P-type ATPase (ATP7A). The 8.5 kb transcript is expressed 
in all tissues from normal individuals (though only trace 
amounts are present in liver), but is diminished or absent in 
Menkes disease patients. Several different kinds of muta 
tions, like chromosome aberrations, point mutations and 
partial gene deletions affecting ATP7A have been identified 
in MD patients. 50-mer capture probes with LNA spiked in 
every Second, third, and fourth position have been designed 
for every exon (23 exons) representing ATP7A, using the 
OligoDesign software tool, described herein. The 
C6-amino-linked capture probes were spotted onto Immo 
bilizer slides and hybridized with patient samples with Cy3 
fluorescent dye and a known reference genomic Sample with 
Cy5. After mixing equal amounts of the labelled DNA, the 
probe is hybridized it to array. The ratio of Cy5 signal to Cy3 
for each clone indicates differences in chromosome/DNA 
material. For example, the Cy5 signal is higher than Cy3 if 
the patient genome has a deletion, and is lower if there is 
duplication. In regions that are unchanged, the Cy5:Cy3 
ratio is 1:1. These methods can be used to analyze a number 
of well-characterized Menkes patients with a range of partial 
deletions of ATP7A. 

0280 LNA oligonucleotide-based CGH makes it possible 
to assess a large number of chromosomal aberrations that are 
being Screen for in the cytogenetic clinic. In contrast, 
Standard FISH analysis typically only detects large chromo 
Somal rearrangements. In desirable embodiments, an array 
that contains a Series of overlapping probes is used to detect 
a chromosomal deletion in a nucleic acid Sample, Such as a 
patient Sample. 
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0281 Clinical diagnostics 

0282 Clinical diagnosis is a key element in healthcare 
management and point-of-care. A large number of analyses 
in the hospitals are based on the use of robust, cost efficient, 
Sensitive and highly specific diagnostic tests. Thus, the 
diagnosis of various diseases is performed with a high 
Selectivity and reliability, resulting in confirmation of medi 
cal diagnosis, choice of therapy and follow-up treatment as 
well as prevention. In addition to its importance in the 
quality of healthcare provided to patients, clinical diagnosis 
also contributes to the control of healthcare costs. The field 
of clinical diagnostics involves analyzing biological fluid 
Samples (blood, urine, etc.) or biopsies collected from 
patients in order to establish the diagnosis of diseases, 
whether of infectious, metabolic, endocrine or cancerous 
origin. Medical analysis of infectious diseases involves 
testing and identifying the micro-organisms causing the 
infection e.g. testing for and identifying a micro-organism in 
blood and determining its Susceptibility to antibiotics or 
detecting an antigen-antibody reaction produced as a 
response to an attack by a micro-organism in the human 
body, e.g. testing for antibodies for the diagnosis of hepa 
titis. The accurate diagnosis of metabolic and endocrine 
diseases and cancers, resulting in a disease phenotype with 
a bodily imbalance, involves the measurement of diagnostic 
Substances or elements present in the biological fluids or 
biopsies. These Substances are examined and results are 
interpreted with reference to known normal values. 
0283 Use of Diagnostic Kits in Microbiological Control 
0284. The pharmaceutical, cosmetics and agri-food 
industries are being confronted with increasingly strict qual 
ity Standards. Thus, the purpose of industrial microbiologi 
cal control testing is to detect and measure the presence of 
potentially pathogenic microbial contaminants throughout 
the manufacturing process from raw materials to the finished 
products, as well as in the production environment. The 
obtained results are Subsequently compared to the current 
regulatory guidelines and industry Standards. 

0285 Application of Molecular Biological Techniques to 
In Vitro Diagnostics RECENTLY, several different molecu 
lar biological techniques have been used Successfully in 
accurate quantification of RNA levels in clinical diagnosis as 
well as in microbiological control. The applications are 
wide-ranging and include methods for quantification of the 
regulation and expression of drug resistance markers in 
tumour cells, monitoring of the responses to chemotherapy, 
measuring the biodistribution and transcription of gene 
encoded therapeutics, molecular assessment of the tumor 
Stage in a given cancer, detecting circulating tumor cells in 
cancer patients and detection of bacterial and Viral patho 
gens. The reverse transcription polymerase chain reaction 
(RT-PCR) is the most sensitive method for the detection of 
mRNA, including low abundant mRNAS, often obtained 
from limited tissue Samples in clinical diagnostics. The 
application of fluorescence techniques to RT-PCR combined 
with suitable instrumentation has led to development of 
quantitative RT-PCR methods, combining amplification, 
detection and quantification in a closed System avoid from 
contamination and with minimized hands-on time. The two 
most commonly used quantitative RT-PCR techniques are 
the Taqman RT-PCR assay (ABI, Foster City, USA) and the 
Lightcycler assay (Roche, USA). A third method applied to 
detection and quantification of RNA levels is real-time 
nucleic acid sequence based amplification (NASBA) com 
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bined with molecular beacon detection molecules. NASBA 
is a singe-Step isothermal RNA-Specific amplification 
method that amplifies mRNA in a double stranded DNA 
environment, and this method has recently proven useful in 
the detection of various mRNAS and in the detection of both 
viral and bacterial RNA in clinical samples. Finally, the 
recent explosion in microarray technology holds the promise 
of using microarrays in clinical diagnostics. For example 
vant Veer et al. (Nature 2002: 415, 31) describe the suc 
cessful use of microarrays in obtaining digital mRNA Sig 
natures from breast tumors and the use of these Signatures in 
the precise prediction of the clinical outcome of breast 
cancer in patients. 

0286 The success of exploiting molecular biological 
techniques in diagnostics and diagnostic kits depends on 
continuous optimization of the technologies and the devel 
opment of new robust and cost-effective technology plat 
forms for producing accurate, reproducible and valid clinical 
data. Locked nucleic acid (LNA) oligonucleotides constitute 
a novel class of bicyclic RNA analogs having an exception 
ally high affinity and Specificity toward their complementary 
DNA and RNA target molecules. Besides increased thermal 
Stability, LNA-containing oligonucleotides show signifi 
cantly increased mismatch discrimination, and allow full 
control of the melting temperature acroSS microarray hybrid 
izations. The LNA chemistry is completely compatible with 
conventional DNA phosphoramidite chemistry and thus 
LNA Substituted oligonucleotides can be designed to opti 
mize performance. LNA oligonucleotides would be well 
Suited for large-scale clinical Studies providing highly accu 
rate genotyping by direct competitive hybridization of two 
allele-Specific LNA probes to e.g. microarrays of immobi 
lized patient amplicons. In addition, the use of LNA Substi 
tuted oligonucleotides would increase both Sensitivity and 
Specificity in detection and quantification of mRNA levels in 
clinical samples, either by quantitative RT-PCR, quantitative 
NASBA or oligonucleotide microarrays, compared with 
DNA probes. Application of LNA oligonucleotides into 
diagnostic kits would thus significantly enhance their per 
formance. Finally, the use of LNA substituted oligonucle 
otides would increase the Sensititity and Specificity in the 
detection of alternatively spliced mRNA isoforms and non 
coding RNAS either by homogeneous assays (Taqman assay, 
Lightcycler assay, NASBA) or by oligonucleotide microar 
rays in a massive parallel analysis Setup. 

0287 Optimized Nucleic Acids of the Invention 
0288 Decreasing the variation in melting temperatures 
(T) of a population of nucleic acids allows the nucleic acids 
to hybridize to target molecules under Similar binding con 
ditions, thereby simplifying the Simultaneous hybridization 
of multiple nucleic acids. Similar melting temperatures also 
allow the same hybridization conditions to be used for 
multiple experiments, which is particularly useful for assays 
involving hybridization to nucleic acids of varying “AT” 
content. For example, current methods often require leSS 
Stringent conditions for hybridization of nucleic acids with 
high “AT content compared to nucleic acids with low “AT” 
content. Due to this variation in hybridization Stringency, 
current methods may require Significant trial and error to 
optimize the hybridization conditions for each experiment. 

0289 To overcome limitations in current nucleic acid 
hybridization and/or amplification techniques, we have 
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developed populations of nucleic acid probes or primers 
with minimal variation in melting temperature (U.S. S. No. 
60/410,061). For example, the unique properties of LNA 
nucleotide analogs increase their binding affinity for DNA 
and RNA. The stability of duplexes can generally be ranked 
as follows: DNA:DNA (DNA:RNA (RNA:RNA 
<LNA:DNA (LNA:RNA (LNA:LNA. The DNA:DNA 
duplex is thus the least stable and the LNA:LNA duplex the 
most stable. The affinity of the LNA nucleotides A and T 
corresponds approximately to the affinity of DNAG and C 
to their complementary bases. General Substitution of one or 
more A and T nucleotides with LNAA and LNAT in DNA 
oligonucleotides is therefore a simple way of equalizing 
differences in T. Furthermore, the mean melting tempera 
ture is increased significantly, which is often important for 
Shorter oligonucleotides. For example, predictions of melt 
ing temperature of all possible 9-mer oligonucleotides have 
shown that the mean temperature increases from 39.7 C. to 
59.3 C. by Substituting all DNA A and T nucleotides with 
LNA A and T nucleotides. The variance in T of all 9-mers 
furthermore decreases from 59.6. C. for DNA oligonucle 
otides to only 4.7 C. for the LNA substituted oligonucle 
otides. The estimations are based on the latest LNA T. 
prediction algorithms. Such as those disclosed herein, which 
have a variance of 6-7 C. 

0290) If desired, the capture efficiency of one or more 
nucleic acids can be increased by including any of the high 
affinity nucleotides (e.g., LNA units) described herein within 
the nucleic acids. The examples herein also provide algo 
rithms for optimizing the Substitution patterns of the nucleic 
acids to minimize Self-complementarity that may otherwise 
inhibit the binding of the nucleic acids to target molecules. 
0291 For various applications of the nucleic acids and 
arrays of the invention, LNAA and LNAT Substitutions are 
made to equalize the melting temperatures of the nucleic 
acids. In other embodiments, LNA A and LNA C Substitu 
tions are made to minimize Self-complementarity and to 
increase specificity. LNAC and LNA T Substitutions also 
minimize Self-complementarity. Additionally, oligonucle 
otides containing LNAC and LNAT are desirable because 
these modified nucleotides are easy to Synthesis and are 
especially useful for applications Such as antisense technol 
ogy in which minimizing cost is especially desirable. 
0292. The following non-limiting examples are illustra 
tive of the invention. All documents mentioned herein are 
incorporated herein by reference in their entirety. In the 
following Examples, compound reference numbers desig 
nate the compound as shown in Scheme 1 and 2 herein. 

EXAMPLE 1. 

The Use of LNA-modified Oligonucleotides in 
Microarrays Provide Significantly Improved 

Sensitivity and Specificity in Expression Profiling 

0293. This example demonstrates the advantages of using 
LNA oligonucleotide microarrays in gene expression pro 
filing experiments. Capture probes for the Saccharomyces 
cerevisiae genes SWI5 (YDR146C) and THI4 (YGR144W) 
were designed as 50-mer standard DNA and different LNA/ 
DNA “mixmer oligonucleotides (i.e., oligonucleotides con 
taining both LNA and DNA nucleotides) respectively, for 
comparison (Table 2). In addition, 40-mer oligonucleotides 
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were designed as truncated versions of the 50-mer capture 
probes (Table 2). The specificity of the LNA oligoarrays was 
addressed by introducing 1-5 consecutive mismatches posi 
tioned in the middle of 40-mer LNA/DNA mixmer capture 
probes with LNA in every fourth position. To assess the 
sensitivity of DNA versus LNA capture probes in complex 
hybridization mixtures, in vitro synthesized yeast RNA for 
either SWI5 or THI4 was spiked into Caenorhabditis 
elegans total RNA for cDNA target synthesis. These experi 
ments are described further below. Cultivation of Cae 
norhabditis elegans worms 
0294 Mixed stage C. elegans cultures were grown 
according to Standard methods. Samples were harvested by 
centrifugation at 3,000xg, Suspended in RNA Later Storage 
buffer (Ambion, USA), and immediately frozen in liquid 
nitrogen. 

0295) RNA Extraction 
0296 RNA was extracted from the worm samples using 
the FastRNA(R) Kit, GREEN (Q-BIO) essentially according 
to the Suppliers instructions. 
0297. In Vitro RNA Synthesis 
0298 Amplification of the yeast genes was performed 
using standard PCR with yeast genomic DNA as the tem 
plate. In the first Step, a forward primer containing a restric 
tion enzyme site and a reverse primer containing a universal 
linker Sequence were used. In the Second PCR reaction, the 
reverse primer was exchanged with a nested primer con 
taining a poly-T20 tail and a restriction enzyme Site. The 
DNA fragments were ligated into the pTRIamp 18 vector 
(Ambion, USA) using the Quick Ligation Kit (New England 
Biolabs, USA) according to the Supplier's instructions and 
transformed into E. coli DH-5C. by standard methods. The 
PCR clones were sequenced using M13 forward and M13 
reverse primers on an ABI 377 (Applied Biosystems, USA). 
Synthesis of in vitro RNA was carried out using the MEGA 
script TM T7 Kit (Ambion, USA) according to the manufac 
turer's instructions. 

0299. Design and Synthesis of the LNA Capture Probes 
0300. To design the capture probes, regions with unique 
mRNA sequence of the Selected target genes were identified. 
The optimal 50-mer oligonucleotide Sequences with respect 
to T, Self-complementarity, and Secondary Structure were 
Selected. LNA modifications were incorporated to increase 
affinity and Specificity. 
0301 Printing of the LNA Microarrays 
0302) The microarrays were printed on Immobilizerm 
MicroArray Slides (Exiqon, Denmark) using the Biochip 
One Arrayer from Packard Biochip technologies (Packard, 
USA). The arrays were printed with a spot volume of 2x300 
pl of a 10 uM capture probe solution. Four replicas of the 
capture probes were printed on each Slide. 

0303 Synthesis of Fluorochrome Labelled First Strand 
cDNA from Total RNA 

0304 Ten ng of S. cerevisiae in vitro synthesized RNA 
(either SWI5 or THI4) was combined with 10 ug of C. 
elegans total RNA and 5ug oligo dT primer (T20VN) in an 
RNase free, pre-siliconized 1.5 mL tube, and the final 
volume was adjusted with DEPC-water to 8 ul. The reaction 
mixture was heated at +70° C. for 10 minutes, quenched on 
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ice for 5 minutes, and spun for 20 seconds, followed by 
addition of 1 ul SUPERase-InTM (20U/uL, RNAse inhibitor, 
Ambion, USA), 4 uL SxRTase buffer (Invitrogen, USA), 2 
uL 0.1 M DTT (Invitrogen, USA), 1 uL dNTP (20 mM 
dATP, dGTP, dTTP; 0.4 mM dCTP in DEPC-water, Amer 
sham Pharmacia Biotech, USA), and 3 ul. Cy3TM-dCTP or 
Cy5TM-dCTP (Amersham Pharmacia Biotech, USA). First 
strand cDNA synthesis was carried out by adding 1 u, of 
SuperscriptTM II (Invitrogen, 200 U/mL), mixing, and incu 
bating the reaction mixture for one hour at 42 C. An 
additional 1 till of SuperscriptTM II was added, and the 
cDNA synthesis reaction mixture was incubated for an 
additional one hour at 42 C.; the reaction was stopped by 
heating at 70° C. for 5 minutes, and quenching on ice for 2 
minutes. The RNA was hydrolyzed by adding 3 till of 0.5 M 
NaOH, and incubating at 70° C. for 15 minutes. The samples 
were neutralized by adding 3 ul. of 0.5 M HCl, and purified 
by adding 450 till 1xTE buffer, pH 7.5 to the neutralized 
Sample and transferring the Samples onto a Microcon-30 
concentrator. The Samples were centrifuged at 14000xg in a 
microcentrifuge for 8 minutes, the flow-through was dis 
carded and the Washing Step was repeated twice by refilling 
the filter with 450 til 1xTE buffer and by spinning for ~12 
minutes. Centrifugation was continued until the Volume was 
reduced to 5 ul, and finally the labelled cDNA probe was 
eluted by inverting the Microcon-30 tube and spinning at 
1000xg for 3 minutes. 

0305) Hybridization with Fluorochrome-Labelled cDNA 
0306 The arrays were hybridized overnight using the 
following protocol. The Cy3TM or Cy5TM-labelled cDNA 
samples were combined in one tube followed by addition of 
3 uL 21xSSC (3xSSC final), 0.5uL 1 M HEPES, pH 7.0 (25 
mM final), 25ug yeast tRNA (1.25 ug/tL final), 10 ug PolyA 
blocker (0.5 lug/mL final), 0.6 uL 10% SDS (0.3% final), and 
DEPC-treated water to 20 till final volume. The labelled 
cDNA target sample was filtered in a Millipore 0.22 micron 
Spin column according to the manufacturer's instructions 
(Millipore, USA), and the probe was denatured by incubat 
ing the reaction at 100° C. for 2 minutes. The sample was 
cooled at 20-25 C. for 5 minutes by spinning at maximum 
Speed in a microcentrifuge. A LifterSlip (Erie Scientific 
Company, USA) was carefully placed on top of the microar 
ray spotted on ImmobilizerTM MicroArray Slide, and the 
hybridization mixture was applied to the array from the Side. 
An aliquot of 30 till of 3xSSC was added to both ends of the 
hybridization chamber, and the ImmobilizerTM MicroArray 
Slide was placed in the hybridization chamber. The chamber 
was sealed watertight and incubated at 65 C. for 16-18 
hours submerged in a water bath. After hybridization, the 
slide was removed carefully from the hybridization chamber 
and washed using the following protocol. The LifterSlip 
coverslip was washed off in 2xSSC, pH 7.0 containing 0.1% 
SDS at room temperature for one minute, followed by 
washing of the microarrays Subsequently in 1.0xSSC, pH 
7.0 at room temperature for one minute, and then in 0.2x 
SSC, pH 7.0 at room temperature for one minute. Finally, the 
slides were washed for 5 seconds in 0.05xSSC, pH 7.0. The 
Slides were then dried by centrifugation in a Swinging bucket 
rotor at approximately 600 rpm for 5 minutes. 

0307 Data analysis 
0308 Following washing and drying, the slides were 
scanned using a Scan Array 4000XL scanner (Perkin-Elmer 
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Life Sciences, USA), and the array data were processed 
using the GenePixTM Pro 4.0 software package (Axon, 
USA). 
0309 Results 
0310 Incorporation of LNA nucleotides at every third 
nucleotide position in Standard 50-mer expression array 
oligonucleolitide capture probes resulted in a 3-fold increase 
in fluorescence intensity levels, when hybridized under 
standard stringency conditions (FIGS. 4A and 4B). When 
the hybridization temperature is increased from 65 C. to 
70° C., the capture of the SWI5 spike mRNA by LNA 
50-mer oligos is increased by 8-fold relative to the DNA 
controls. Thus, it can clearly be concluded that oligonucle 
otides containing LNA units are more Sensitive in expression 
profiling compared to oligonucleotides containing only 
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DNA units. The specificity of 40-mer LNA/DNA mixmer 
capture probes in the discrimination of highly homologous 
target Sequences was addressed by introducing 1-5 consecu 
tive mismatches in the middle of SWI5 and THI4 capture 
oligos together with the corresponding DNA controls. AS 
demonstrated in FIGS.5A and 5B, the LNA-spiked (LNA 
modification at every fourth nucleotide position) 40-mer 
triple mismatch oligos showed a 3-fold signal intensity 
decrease relative to the perfectly matched duplexes, whereas 
the corresponding 40-mer standard DNA capture probes did 
not form duplexes under Standard hybridization Stringency. 
Further, the 40-mer perfect match LNA capture probes 
showed a 5-fold to 14-fold increase in the intensity levels 
compared to DNA oligonucleotides under standard hybrid 
ization conditions. Capture probes of other lengths and/or 
with other LNA substitution patterns can be used similarly. 

TABLE 2 

DNA and LNA-modified SWI5 (YDR146C) and THI4 (YGR144W) oligonucleotide 
capture probes. LNA modifications are depicted by upper case letters in 
the sequence mt denotes the number of mismatches (bolded) in the 

center of the oligonucleotide with respect to its target cDNA (mRNA), 
and "mc" denotes LNA methyl cytosine. (SEQ ID NOs : ) 

Oligo Name 

YDR146C - 40 

YDR146C - 40 mt1 

46C - 40 mt2 

46C - 40 mt3 

46C - 40 mt 4 

46C - 40 mit5 

46C - 4 OLNA4 

46C - 4 OLNA4 mt 1 

46C - 4 OLNA4 mit2 

46C - 4 OLNA4 mt3 

46C-40 ILNA4 mt 4 

46C - 4 OLNA4 mit5 

46C-50 

46C-50 mt1 

46C-50 mt2 

46C-50 mt3 

46C-50 mt 4 

46C-50 mit5 

46C-5 OLNA2 

46C-50 LNA3 

46C-50 LNA4 

46C-5 OLNA5 

Sequence 

acggggattatggtttc.gc.caatgaaaactaatcaaaggit 

acggggattatggtttc.gc.ctatogaaaactaatcaaaggit 

acggggattatggtttcgcg tatgaaaactaatcaaaggit 

acggggattatggtttcggg tatgaaaactaatcaaaggit 

acggggattatggtttcgggitttgaaaactaatcaaaggit 

acggggattatggtttcgggittagaaaactaatcaaaggit 

acGgggAttaTogt TitcgmCoaaTgaaAactAatcAaagGt 

acGgggAttaTogt TitcgmCottaTogaaaactAatcAaagGt 

acGgggAttaTogt TitcgmCgtaTogaaaactAatcAaagGt 

acGgggAttaTogt TitcgGgtaTogaa.AactAatcAaagGt 

acGgggAttaTogt TitcgGgttTgaaAactAatcAaagGt 

acGgggAttaTogt TitcgGgttAgaaAactAatcAaagGt 

tgggaatggaacggggattatggitttc.gc.caatgaaaactaatcaaaggit 

tgggaatggaacggggattatggitatcgc.caatgaaaactaatcaaaggit 

tgggaatggaacggggattatggtaacgc.caatgaaaactaatcaaaggit 

tgggaatggaacggggattatggtaaggccaatgaaaactaatcaaaggit 

tgggaatggaacggggattatggaaaggccaatgaaaactaatcaaaggit 

tgggaatggaacggggattatggaaag.cccaatgaaaactaatcaaaggit 

TgGgAaT gGaAcGgGgAtTaTgG-tTtmCq.mCoAaTgAaAamCtAaTcAaAgGt 

TggGaaTggAacGggGatTatGgtTitcGccAatCaaAacTaaToaAagGt 

TgggAatgGaacGigg gAttaTogt TitcgmCoaaTaaAactAatcAaagGt 

TgggaAtggaAcgggGattaTogttTcgccAatgaaaactAatcaaaggit 
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EXAMPLE 2 

Detection of Alternative Splice Isoforms. Using 
Exon-Specific, Internal LNA Capture Probes in the 

Caenorhabditis elegans Gene let-2 
0311 Capture Probe Design 
0312 Finding the Regions of Interest 
0313 From the database “intronerator” (W. Jim Kent and 
Al M Zahler, “The Intronerator: exploring introns and 
alternative Splicing in C. elegans, Nucleic Acids Research 
Jan. 1, 2000; 28(1):91-93 and “Conservation, Regulation, 
Synteny, and Introns in a Large-scale C. briggsae-C. elegans 
Genomic Alignment” in Genome Research August, 2000; 
10(8): 1115-1125) as well as scientific literature, the C. 
elegans Let-2 gene encoding type IV collagen was found 
according to the following criteria. The generation of mature 
mRNA desirably involves either complete exon or intron 
skipping. ESTs (expressed Sequence tags) desirably indicate 
different isoforms. If ESTs were only different from the gene 
annotation(s), this could simply mean that the prediction is 
wrong, and nothing more. Desirably, there are different EST 
Splice indications in different developmental Stages. Two 
gene prediction algorithms (e.g., GeneFinder and Genie) 
desirably agree upon the number of genes in a coding 
Segment. Exons of interest (e.g., exons being skipped and 
their flanking exons) in the C. elegans gene TOID3.3 
desirably exceed 70 base-pairs. Other genes of interest may 
be selected using one or more of the above criteria or using 
other criteria, Such as the medical relevance of the gene. 
0314 Determining Melting Temperatures and Palindro 
mic Properties of the C. elegans let-2 Gene/Exons 8, 9, 10, 
and 11-Specific Capture Probes 
0315) The script PICK70 (which was kindly provided by 
Jingchun Zhu from the Joe DeRisi Laboratory and which is 
publicly available) was used to run a sliding 50 base-pair 
window acroSS the regions in which an oligonucleotide 
capture probe should be designed. The output data were 
saved for later. 

0316 Determining the Uniqueness of the Regions 
0317 All regions were compared using a publicly avail 
able BLAST program to the complete set of annotated 
transcripts from the C. elegans genome downloaded from 
NCBI. For each region a list with the location of all BLAST 
hits was made. 

C. 
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0318 Choice of Desirable T" for Capture Probes 

0319 From the PICK70 output, the distribution of melt 
ing temperatures for all possible oligonucleotides was col 
lected. As these centered around approximately 80 C., this 
temperature was chosen as the desirable temperature. 

0320 For each region, an oligonucleotide with a palin 
dromic value below 100 (default value in PICK70, value 
based on Smith-Waterman algorithm) and with a melting 
temperature closest to 80°C. was picked. The location of the 
oligonucleotide within the region was then compared to the 
list made using the above BLAST search. If the oligonucle 
otide did not coincide with a BLAST hit exceeding around 
25 (consecutive) base-pairs, this oligonucleotide sequence 
was chosen as a 50-mer capture probe. Otherwise, a new 
oligo sequence was picked from the PICK70 output. 

0321 Checking Probe Sequences 

0322 The selected 50-mer oligonucleotide sequences 
were "BLASTed’ against the C. elegans transcripts again, as 
described above. 

0323. Accounting for the Introns. 

0324. The oligonucleotide sequences were “BLASTed' 
against the complete C. elegans genome. The matches were 
run against a list made from the GenBank reports of the 
complete genome, indexing whether positions in the genome 
were genic or intergenic. 

0325 It was checked to determine whether new hits to 
genic regions appeared (compared to the initial BLAST 
search using the PICK70 output). If this was not case, the 
oligonucleotide Sequences were Selected for capture probe 
Synthesis. 

0326 Design of the LNA-Modified Capture Probes 

0327. For the LNA-modified oligonucleotide capture 
probes, every fourth DNA nucleotide was substituted with 
an LNA nucleotide, as shown in Table 3. The oligonucle 
otides were Synthesized with an anthraquinone (AO) moiety 
at the 5'-end of each oligonucleotide (e.g., as described in 
allowed U.S. Ser. No. 09/611,833), followed by a hexaeth 
yleneglycol tetramer linker region and the LNA/DNA 
mixmer capture oligonucleotide Sequence. 

TABLE 3 

10, and 11-specific capture 
probes (SEQ ID NOs : ) 

Sequence (LNA = upper case, 
Capture probe DNA lowercase letters) 

CE42. 08-0HEG4 GgctC gatmccocAggaaaccmCaggAatcGgaaGcatTg gamccalaAaggAg 

CE42. 09-0HEG4 mcaccGgatmCoggmCitcaattgTcggAcctmcgc gGaaamCoctC gagAaaaGg 

CE42.10-0HEG4 TccgmCoagGcccAatcGcctmccacmCatgTccaAgggAaccAttaToggTc 

CE42.11-0HEG4 Gag CmcaggAgagGgagGtcaacgcGgttAccoAggaaatgGaggAct cTc 
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0328 Strains and Growth Conditions 
0329 C. elegans wild-type strain (Bristol-N2) was main 
tained on nematode growth medium (NG) plates seeded with 
Escherichia coli strain OP50 at 20 C., and the eggs and L1 
larvae were prepared as described in Hope, I. A. (ed.) “C. 
elegans-A Practical Approach “, Oxford University Press 
1999. The samples were immediately flash frozen in liquid 
N and stored at -80° C. until RNA isolation. 
0330) Isolation of Total RNA 
0331. A 100 1 aliquot of packed C. elegans worms from 
a L1 larvae population was homogenized using the FastPrep 
Bio 101 from Kem-En-Tec for 1 minute at speed 6 followed 
by isolation of total RNA from the extracts using the 
FastPrep Biol(01. kit (Kem-En-Tec) according to the manu 
facturers instructions. A50 ill aliquot of packed C. elegans 
eggs was homogenized in lysis buffer (RNeasy total RNA 
purification kit, QIAGEN) containing quartz sand for 3 
minutes using a Pellet Pestle Motor followed by isolation of 
total RNA according to the manufacturer's manual. 
0332) The eluted total RNA from worms (L1 larvae) as 
well as eggs was ethanol precipitated for 24 hours at -20°C. 
by addition of 2.5 volumes of 96% EtOH and 0.1 volume of 
3M Na-acetate, pH 5.2 (Ambion, USA), followed by cen 
trifugation of the total RNA sample for 30 minutes at 13200 
rpm. The total RNA pellet was air-dried and redissolved in 
6 ul (worms) or 2.5 ul (eggs) of diethylpyrocarbonate 
(DEPC)-treated water (Ambion, USA) and stored at -80° C. 
Reverse transcription (RT)-PCR 
0333 Total RNA (1.5 lug) from eggs or 1 ug total RNA 
from worms (L1 larvae) were mixed with 5ug oligo(dT)1 
2-18 primer (Amersham Pharmacia Biotech, USA) and 0.5 
Aug of random hexamers, pd(N) (Amersham Pharmacia 
Biotech, USA) and DEPC-treated water to a final volume of 
7 ul. The mixture was heated at 70° C. for 10 minutes, 
quenched on ice for 5 minutes, followed by addition of 20 
units of Superasin RNase inhibitor (Ambion, USA), 4 ul of 
5xSuperscript buffer (Life Technologies, USA), 2 ul of 100 
mM DTT, 1 ulof dNTP solution (20 mM each dATP, dGTP, 
dTTP and dCTP, Amersham Pharmacia Biotech, USA), and 
3 ul of DEPC-treated water. 
0334) The primers were pre-annealed at 37° C. for 5 
minutes, followed by addition of 400 units of Superscipt II 
reverse transcriptase (Invitrogen, USA). First strand cDNA 
synthesis was carried out at 37 C. for 30 minutes, followed 
by 2 hours at 42 C., and the reaction was stopped by 
incubation at 70° C. for 5 minutes, followed by incubation 
on ice for 5 minutes. 

0335 Unincorporated dNTPs were removed by gel fil 
tration using MicroSpin S-400 HR columns as described 
below. The column was pre-spun for 1 minute at 735xg in 
a 1.5 ml tube, and the column was placed in a new 1.5 ml 
tube. The cDNA sample was slowly applied to the top center 
of the resin and spun at 735xg for 2 minutes. The eluate was 
collected. The volume of the eluate was adjusted to 50 ul 
with TE-buffer pH 7.0 before being used as the template for 
linear PCR. Four ul template (RT from eggs or worms) was 
combined with 1 ul dNTP solution (10 mM each dATP, 
dGTP, dTTP and dCTP, Amersham Phamacia Biotech, 
USA), 1 ul of each primer (20 uM CE42.07 sense: gatc 
gaatticcticcaggagagaagggagatg (SEQ ID NO:)), and CE42.12 
antisense: 5'gatcaagcttatctettcctgggtaticcagctt (SEQ ID 
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NO:)), 5ul 10xAmpliTaq Gold Polymerase buffer, 5ul 25 
mM MgCl, 0.5ul AmpliTaq Gold DNA polymerase (5ul, 
Applied Biosystems), 2 ul Cy3-dCTP (Amersham Phamacia 
Biotech, USA) (eggs) or 2 ul Cy5-dCTP (Amersham Phar 
macia Biotech, USA) (worms), and 31.5 ul DEPC-treated 
water to a final volume of 50 ul. The PCR reactions were 
carried out using the following program: 95 C. for 5 
minutes followed by 30 cycles of PCR using the following 
cycling program (denaturation at 95 C. for 45 seconds, 
annealing at 60° C. for 30 seconds, and extension at 72 C. 
for 1 minute) followed by a final extension step at 72° C. for 
10 minutes and incubation on ice for 5 minutes. 

0336 Purification of the PCR amplicons from eggs as 
well as worms was performed using a Qiaquick PCR puri 
fication kit (QIAGEN) according to the manufacturer's 
instructions. 

0337 Fluorochrome-Labeling of the let-2 cDNA Frag 
ments. Using Primer Extension 
0338 Four (4) ul template (RT from eggs or worms) was 
combined with 1 ul dNTP solution (10 mM each dATP, 
dGTP, dTTP and dCTP, Amersham Phamacia Biotech, 
USA), 1 ul of each primer (20tuM CE42.12 antisense 5'gat 
caagcttatctettcctgggtaticcagctt (SEQ ID NO:)), 5 ul 10xAm 
pliTaq Gold Polymerase buffer, 5ul 25 mM MgCl, 0.5 ul 
AmpliTaq Gold DNA polymerase (5U?ul, Applied Biosys 
tems), 2 ul Cy3-dCTP (Amersham Phamacia Biotech, USA) 
(eggs) or 2 ul Cy5-dCTP (Amersham Phamacia Biotech, 
USA) (worms), and 31.5 ul DEPC-treated water to a final 
volume of 50 ul. The PCR reactions were carried out using 
the following program: 95 C. for 5 minutes followed by 30 
cycles of PCR using the following cycling program (deria 
turation at 95 C. for 45 seconds annealing at 60° C. for 30 
seconds extension at 72° C. for 1 minute) followed by a final 
extension step at 72 C. for 10 minutes and incubation on ice 
for 5 minutes. 

0339 Purification of the PCR amplicons from eggs as 
well as worms were performed using a Qiaquick PCR 
purification kit (QIAGEN) according to the manufacturer's 
instructions. Unincorporated dNTP nucleotides were 
removed by gel filtration using MicroSpin S-400 HRcol 
umns as described above before the eluted, fluorochrome 
labelled DNA fragments were stored at -20° C. in the dark 
until microarray hybridization. 
0340 Printing and Coupling of the C. elegans Let-2 Exon 
8-11 Microarrays 
0341 The C. elegans gene Let-2/exon 8-11 capture 
probes were Synthesized with a 5' anthraquinone (AQ)- 
modification, followed by a hexaethyleneglycol-4 (HEG4) 
linker (Table 3). 
0342. The capture probes were first diluted to a 10 uM 
final concentration in 100 mM Na-phosphate buffer pH 7.0 
and Spotted on Euray COP microarray Slides using the 
Biochip Arrayer One (Packard Biochip Technologies) with 
a spot volume of 300 ul and 300 um between the spots. 
0343. The capture probes were immobilized onto the 
microarray slide by UV irradiation in a Stratalinker for 90 
seconds at full power (Stratagene, USA). Non-immobilized 
capture probe oligonucleotides were removed from the 
slides by washing the slides for 72 hour in 30% acetone 
before rising in milli-Q HO. After washing, the slides were 
centrifuged at 800 rpm for 2 minutes and stored in a slide 
box until microarray hybridization. 
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0344 Comparative Hybridization of the C. elegans 
microarrays and Post-Hybridization Washes 

0345 The slides were hybridized with 2.5 ul of the 
Cy3-labelled and 2.5 til of the Cy5-labelled target prepara 
tion from eggs and worms, respectively, as described above 
(see "Reverse transcription (RT)-PCR" section) in 25ul of 
hybridization solution, containing 25 mM HEPES, pH 7.0, 
3xSSC, 0.3% SDS, and 25 ug of yeast tRNA. The target 
probe was filtered in a Millipore 0.22 micron spin column 
(Ultrafree-MC, Millipore, USA), denatured by incubation at 
100° C. for 5 minutes, cooled at room temperature for 5 
minutes, and then carefully applied onto the prepared 
microarray. One-third of a cover slip was laid over the 
microarray, and the hybridization was performed for 16-18 
hours at 65° C. in a hybridization chamber (DieTech, model 
Joe deRisi, USA). 
0346 Following hybridization, the slides were washed 
sequentially by plunging gently in 2XSSC/0.1% SDS at 
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elegans Let-2 exon 8-1 1 array demonstrates detection of 
alternative exon skipping of the let-2 exon 9 (eggs) and exon 
10 (L1 larvae) using LNA-modified 50-mer capture probes. 
Capture probes of other lengths and/or with other LNA 
Substitution patterns can be used similarly. 

EXAMPLE 3 

Improved Sensitivity in the Specific Detection of 
the C. elegans Gene TO1D3.3 Exon 4 Using 

LNA-Modified Oligonucleotide Capture Probes 

0349 Capture Probe Design: The design method of exon 
specific capture probes for the C. elegans gene TO1D3.3 
eXOn 4 has been described in example 2. 
0350 Design of the LNA-modified Capture Probes: For 
the LNA-Spiked oligonucleotide capture probes, every 
fourth DNA nucleotide was Substituted with an LNA nucle 
otide, as shown in Table 4. 

TABLE 4 

C. elegans gene T01D3.3/exon 4-specific capture probes. (SEQ ID NOs : ) 

Capture probes 

CE gene26.04-70 

agac 

CE gene26.04-50 

CE gene26. O4- 40 

CE gene26.04-30 

room temperature until the cover slip falls off into the 
washing solution, then in 1XSSC pH 7.0 (150 mM NaCl, 15 
mMSodium Citrate) at room temperature for 1 minute, then 
in 0.2xSSC, pH 7.0 (30 mM NaCl, 3 mM Sodium Citrate) 
at room temperature for 1 minute, and finally in 0.05xSSC 
(7.5 mM NaCl, 0.75 mM Sodium Citrate) for 5 seconds, 
followed by drying of the slides by spinning at 500 rpm for 
5 minutes. The slides were stored in a slide box in the dark 
until Scanning. 
0347 Microarray Data Analysis 
0348 The C. elegans let-2 gene microarray was scanned 
in an ArrayWoRX Scanner (Applied Precision, USA) using 
an exposure time of 5 Seconds, resolution of 5.0, and high 
(high level) sensitivity. The hybridization data were ana 
lyzed using the Array Vision image analysis Software pack 
age 5.1 (IMAGING Research Inc., USA). The detection 
principle for alternative eXon Skipping the C. elegans let-2 
gene is shown in FIG. 6. As demonstrated in FIG. 7, 
analysis of the comparative hybridization data from the C. 

Sequence (LNA upper case, DNA = lowercase letters) 

ggctggaacagaagtttgttggtgcgtgacaagg tatggaagaagattatcc.ggaaaagaaagcaa. 

ggctggaacagaagtttgttggtgcgtgacaagg tatggaagaagattat 

ggctggaacagaagtttgttggtgcgtgacaagg tatgga 

galacagaagtttgttggtgcgtgacaaggit 

CEgene26.04-5 OHEG2GgctC gaamCagaagttTgttggtgmCdtgAcaaGgtaToggaagaaGattAt 

CEgene26.04-5 OHEG4 GgctC gaamCagaagttTgttggtgmCdtgAcaaGgtaToggaagaaGattAt 

CEgene26.04 - 4 OHEG2GgctC gaamCagaagttTgttggtgmCdtgAcaaGgtaToga 

CEgene26.04 - 4 OHEG4 GgctC gaamCagaagttTgttggtgmCdtgAcaaGgtaToga 

CE gene26.04-30HEG2 GaacAgaaGtttGttgGtgcGtgamCaagGt 

CE gene26.04-30HEG4 GaacAgaaGtttGttgGtgcGtgamCaagGt 

0351) Cultivation of Caenorhabditis elegans Worms 
0352 Mixed stage C. elegans cultures were grown 
according to Standard methods. Samples were harvested by 
centrifugation at 3000xg, Suspended in RNALater (Ambion, 
USA), and immediately frozen in liquid nitrogen. 
0353) 
Worms 

0354) Poly(A)" RNA was isolated from the worm 
samples using the Pick-Pen (Bio-Nobile, Finland) Starter kit 
combined with the KingFisher mRNA purification kit (Ther 
mol.absystems, Finland) according to the manufacturers 
instructions. The yield was 1-2 ug poly(A)" RNA from 
approximately 50 mg of C. elegans worms. 
0355 Synthesis. Of Fluorochrome Labelled First Strand 
cDNA from C. elegans mRNA 
0356. One lug of C. elegans poly(A)--+ RNA was com 
bined with 2 tug oligo dT primer (T20VN) in an RNase free, 

mRNA Isolation from C. elegans Mixed Stages 



US 2004/0219565 A1 

pre-Siliconized 1.5 mL tube, and the final Volume was 
adjusted with DEPC-water to 8 ul. The reaction mixture 
was heated at +70° C. for 10 minutes, quenched on ice 5 
minutes, spun for 20 seconds, followed by addition of 1 till 
SUPERase-InTM (20U?ul, RNAse inhibitor, Ambion, USA), 
4 uL 5xRTase buffer (Invitrogen, USA), 2 ul 0.1 M DTT 
(Invitrogen, USA), 1 uLdNTP (20 mM dATP, dGTP, dTTP; 
4 mM dCTP in DEPC-water, Amersham Pharmacia Biotech, 
USA), and 3 ul. Cy3TM-dCTP (Amersham Pharmacia Bio 
tech, USA). First strand cDNA synthesis was carried out by 
adding 1 uL of SuperscriptTM II (Invitrogen, 200 U/mL), 
mixing, and incubating the reaction mixture for one hour at 
42 C. An additional 1 till of SuperscriptTM II was added and 
the cDNA synthesis reaction mixture was incubated for an 
additional one hour at 42 C.; the reaction was stopped by 
heating at 70° C. for 5 minutes, and quenching on ice for 2 
minutes. The RNA was hydrolyzed by adding 3 till of 0.5 M 
NaOH and incubating at 70° C. for 15 minutes. The samples 
were neutralized by adding 3 till of 0.5 M HCl and purified 
by adding 450 till 1xTE buffer, pH 7.5 to the neutralized 
Sample and transferring the Samples onto a Microcon-30 
concentrator. The Samples were centrifuged at 14000xg in a 
microcentrifuge for ~8 minutes, the flow-through was dis 
carded, and the Washing Step was repeated twice by refilling 
the filter with 450 til 1xTE buffer and by spinning for ~12 
minutes. Centrifugation was continued until the volume was 
reduced to 5 ul, and finally the labelled cDNA probe was 
eluted by inverting the Microcon-30 tube and spinning at 
1000xg for 3 minutes. 

0357 Printing and Coupling of the C. elegans Microar 
rays 

0358. The C. elegans gene T01D3.3/exon 4 capture 
probes were Synthesized with a 5' anthraquinone (AQ)- 
modification, followed by either a hexaethyleneglycol-2 or 
a hexaethyleneglycol-4 (HEG2/HEG4) linker (Table 4). The 
capture probes were first diluted to a 10 uM final concen 
tration in 100 mM Na-phosphate buffer pH 7.0, followed by 
a two-fold dilution series (10 uM, 5uM, 2.5 uM, 1.25uM, 
0.625 uM, 0.31 uM, and 0.155uM) and spotted on Exiqon's 
polycarbonate microarray Slides using the Biochip Arrayer 
One (Packard Biochip Technologies, USA) with a spot 
volume of 3x300 pland 400 um between the spots. The 
capture probes were immobilized onto the microarray Slide 
by UV irradiation in a Stratalinker for 90 seconds at full 
power (Stratagene, USA). Non-immobilized capture probe 
oligonucleotides were removed from the Slides by Washing 
the slides for 24 hours in milli-Q HO. After washing, the 
slides were dried in an oven at 37 C. for 30 minutes and 
Stored in a slide box until microarray hybridization. 

0359) Hybridization with Cy3-Labelled cDNA 

0360 The arrays were hybridized overnight using the 
following protocol. The Cy3TM-labelled cDNA sample was 
combined with 31L 21xSSC (3xSSC final), 0.5 uL 1 M 
HEPES, pH 7.0 (25 mM final), 25 lug yeast tRNA (1.25 
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Aug/mL final), 10 ug PolyA blocker (0.5 ug?u L final), 0.6 ul 
10% SDS (0.3% final), and DEPC-treated water to 20 uL 
final volume. The labelled cDNA target sample was filtered 
in a Millipore 0.22 micron Spin column according to the 
manufacturer's instructions (Millipore, USA), and the probe 
was denatured by incubating the reaction at 100° C. for 2 
minutes. The sample was cooled at 20-25 C. for 5 minutes 
by Spinning at maxium speed in a microcentrifuge, and then 
carefully applied on top of the microarray. A cover Slip was 
laid over the microarray and the hybridization was per 
formed for 16 hours at 63 C. in a hybridization chamber 
(Coming, USA) Submerged in a water bath, with an aliquot 
of 30 till of 3xSSC added to both ends of the hybridization 
chamber to prevent evaporation. After hybridization, the 
slide was removed carefully from the hybridization chamber 
and washed using the following protocol. The coverslip was 
washed off in 2XSSC, pH 7.0 containing 0.1% SDS at room 
temperature for one minute, followed by Washing of the 
microarrays Subsequently in 1.0 X SSC, pH 7.0 at room 
temperature for one minute, and then in 0.2xSSC, pH 7.0 at 
room temperature for one minute. Finally, the Slides were 
washed for 5 seconds in 0.05xSSC, pH 7.0. The slides were 
then dried by centrifugation in a Swinging bucket rotor at 
approximately 600 rpm for 5 minutes. 

0361 Microarray Data Analysis 

0362. The C. elegans gene TOl D3.3 exon 4 array was 
scanned in an ArrayWoRX Scanner (Applied Precision, 
USA) using an exposure time of 5 seconds, resolution of 5.0, 
and high (high level) sensitivity. The hybridization data were 
analyzed using the Array Vision image analysis Software 
package 5.1 (IMAGING Research Inc., USA). As shown in 
FIGS. 8A and 8B, analysis of the hybridization data from 
the C. elegans gene 26/TO1D3.3 exon 4 array demonstrates 
that the use of LNA-modified capture probes for the C. 
elegans T10D3.3 exon results in 5-fold increased sensitivity 
in exon 4 capture compared to the corresponding DNA 
oligonucleotide capture probe controls printed on the same 
microarray. Capture probes of other lengths and/or with 
other LNA Substitution patterns can be used similarly. 

EXAMPLE 4 

Assessment of Capture Probe Specificity for the C. 
elegans Gene TO1D3.3 Exons 4 and 5 Using 

Synthetic AntiSense Target Oligos 

0363 Capture probe design: Exon-specific capture 
probes for the C. elegans gene TO1D3.3 exons 4 and 5 were 
designed as described in Example 2. 

0364. Design of the LNA-modified capture probes: For 
the LNA-Spiked oligonucleotide capture probes, every 
fourth DNA nucleotide was Substituted with an LNA nucle 

otide, as shown in Table 5: C. elegans gene TOID3.3/exons 
4 and 5-specific capture probes and Synthetic target oligo 
nucleotides. 
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TABLE 5 

SEO ID NOs 

DNA = Sequence (LNA = upper case, 

Capture probes 
CEgene26.04-70 

agcaaagac 

CEgene26. 05-70 tatgtgg.cgcgaatgagcaatattoag 

Nov. 4, 2004 

lowercase letters) 

ggctggaacagaagtttgttggtgcgtgacaagg tatggaagaagattatc.cggaaaagaa 

catgtttctoctottgttcaaccatcatgtcaag atccitt 

Caac 

CEgene26.04-50 

CEgene26. 05-50 

CEgene26.04-40 

CEgene26. 05-40 

CEgene26.04-30 galacagaagtttgttggtgcgtgacaaggt 

CEgene26. 05-30 tatgtgg.cgcgaatgagcaatattoag cat 

CEgene26.04-50 HEG2 

CEgene26.04-50 HEG4 

CEgene26. 05-50 HEG2 

CEgene26. 05-50 HEG4 

CEgene26. O4- 40HEG2 

CEgene26. O4- 40HEG4 

CEgene26. 05-40HEG2 

CEgene26. 05-40HEG4 

CEgene26.04-30HEG2 GaacAgaaGtttGittgGtgcGt gamCaagGt 

CEgene26.04-30HEG4 GaacAgaaGtttGittgGtgcGt gamCaagGt 

CEgene26. 05-30HEG2 TatgTggcGcgaAtgaGcaaTattmcago At 

CEgene26. 05-30HEG4 TatgTggcGcgaAtgaGcaaTattmcago At 

Target oligos 
CEgene26.04-biotarget accittgtcacgcaccaacaaacttctgttc 

CEgene26. 05-biotarget atgctgaatattgctcattc.gc.gc.cacata 

0365 Printing and Coupling of the C. elegans Gene 
TO1D3.3/exon 4-5 Microarrays 
0366 The C. elegans gene TO1D3.3/exon 4-5 capture 
probes were Synthesized with a 5' anthraquinone (AQ)- 
modification, followed by either a hexaethyleneglycol-2 or 
a hexaethyleneglycol-4 (HEG2/HEG4) linker (Table 5). The 
capture probes were first diluted to a 10 uM final concen 
tration in 100 mM Na-phosphate buffer pH 7.0, followed by 
a two-fold dilution series (10 uM, 5uM, 2.5uM, 1.25uM, 
0.625 1M, 0.31, uM, and 0.155 uM) and spotted on Euray 
polycarbonate microarray Slides using the Biochip Arrayer 
One (Packard Biochip Technologies) with a spot volume of 
3x300 pland 400 um between the spots. The capture probes 
were immobilized onto the microarray slide by UV irradia 
tion in a Stratalinker for 90 seconds at full power (Strat 
agene, USA). Non-immobilized capture probe oligonucle 

ggctggaacagaagtttgttggtgcgtgacaagg tatggaagaagattat 

tatgtgg.cgcgaatgagcaatattoag catgttitctoctottgttcaacca 

ggctggaacagaagtttgttggtgcgtgacaagg tatgga 

tatgtgg.cgcgaatgagcaatattoag catgttitctocto 

GgctOgaamCagaagttTgttggtgmCqtgAcaaGgta TygaagaaGattAt 

GgctOgaamCagaagttTgttggtgmCqtgAcaaGgta TygaagaaGattAt 

TatgTggcGcgaAtgaGcaaTattmcago AtgtTtctmccitcTtgtmCaacmCa 

TatgTggcGcgaAtgaGcaaTattmcago AtgtTtctmccitcTtgtmCaacmCa 

GgctOgaamCagaagttTgttggtgmCqtgAcaaGgta Tyga 

GgctOgaamCagaagttTgttggtgmCqtgAcaaGgta Tyga 

TatgTggcGcgaAtgaGcaaTattmcago AtgtTtctmccitc 

TatgTggcGcgaAtgaGcaaTattmcago AtgtTtctmccitc 

otides were removed from the slides by washing the slides 
for 24 hours in milli-Q HO. After washing, the slides were 
dried in an oven at 37 C. for 30 minutes, and stored in a 
slide box until microarray hybridization. 

0367 Hybridization of the C. elegans microarrays and 
post-hybridization washes 

0368. The slides were hybridized with a high (saturated) 
concentration of 1 uM of each gene T10D3.3, exon 4 or 5 
target oligo (Table 5) in 50 ul of hybridization solution, 
containing 25 mM HEPES, pH 7.0, 3xSSC, 0.22% SDS, and 
0.8 ug?ul of poly(A) blocker. The target probes were filtered 
in a Millipore 0.45 micron spin column (Ultrafree-MC, 
Millipore, USA), denatured by incubation at 100° C. for 2 
minutes, cooled at room temperature for 5 minutes, and then 
carefully applied onto the prepared microarray. One-half of 
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a cover Slip was laid over the microarray, and the hybrid 
ization was performed for 16-18 hours at 63 C. in a 
hybridization chamber (Coming, USA). 
0369. Following hybridization, the slides were washed 
sequentially by plunging gently in 1xSSCT (150 mM NaCl, 
15 mM Sodium Citrate--Tween 20) at room temperature for 
one minute, then in 0.2xSSCT (30 mM NaCl, 3 mM Sodium 
Citrate--Tween 20) at room temperature for one minute, and 
finally in Milli Q water, followed by drying of the slides in 
an oven at 37° C. for 30 minutes. The slides were Cy5 
labelled using a Cy5-straptavidin target. Thirty ul of a 
Cy5-streptavidin (2 tug/ml in 1xSSCT) were carefully 
applied onto the hybridized microarray and incubated one 
hour at room temperature before an additional washing Step 
were performed in 1xSSCT (150 mM NaCl, 15 mM Sodium 
Citrate--Tween 20) at room temperature for one minute, then 
in 0.2xSSCT (30 mM NaCl, 3 mM Sodium Citrate+Tween 
20) at room temperature for one minute, and finally in Milli 
Q water. Following washing, the Slides were drying in an 
oven at 37 C. for 30 minutes and stored in a slide box in the 
dark until Scanning. 
0370 Microarray data analysis 
0371) The C. elegans gene T01D3.3 exon 4-5 microarray 
was scanned in an ArrayWoRX Scanner (Applied Precision, 
USA) using an exposure time of 5 seconds, resolution of 5.0, 
and high (high level) sensitivity. The hybridization data were 
analyzed using the Array Vision image analysis Software 
package 5.1 (IMAGING Research Inc., USA). As shown in 
FIGS. 10A and 10B, analysis of the hybridization data from 
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the C. elegans gene 26/TOI D3.3 array demonstrates that 
both the DNA as well as the LNA capture probes for the C. 
elegans TOID3.3 exons 4 (FIG. 10A) and exon 5 (FIG. 
10B), respectively are highly specific with a very low level 
of cross-hybridization between their respective target oligo 
nucleotides. The exon-specific design of the oligonucleotide 
capture probes is thus validated. Capture probes of other 
lengths and/or with other LNA substitution patterns can be 
used similarly. 

EXAMPLE 5 

Detection of Alternatively Spliced Isoforms using 
Internal EXOn-specific, and EXon-EXon 

Junction-Specific (merged) LNA-modified Capture 
Probes 

0372 Oligonucleotide Design for Microarrays. 
0373 Methods for designing exon-specific internal oli 
gonucleotide capture probes has been described in Example 
2. 

0374. Design of the LNA-Modified Capture Probes 
0375 For the LNA-modified oligonucleotide capture 
probes, every third DNA nucleotide was substituted with an 
LNA nucleotide. The probes designed to capture the junction 
of the recombinant splice variants were designed with LNA 
modifications in a block of five consecutive LNAS nucle 
otides, two on the 5' Side of the Splice junction and three on 
the 3' side of the splice junction. All capture probes are 
shown in Table 6. 

TABLE 6 

Internal exon-specific and merged exon-exon junction specific oligonucleotide 
capture probes. (SEQ ID NOs : ) 

Sequence (LNA = uppercase, 
Capture probes DNA lowercase letters) 

gene78. O1a 

gene78 

gene78 

gene78 

gene78 

gene78 

gene78 

gene78 

... 01b. 

... 03a 

... 03b 

mINS303 

m01INS 4 

mINS 403 

cctgaaagtag atttgttatttcc.gaaacgccttctoccgttcttaagttc 

catataccacaaatagtc.ccitcaaaaatcacaagaaaact cacaac actg 

gatttgcagoggtggtaaaaagtatgaaaacgtggtaattaaaaggtotc 

ccaatgaaaactaatcaaaggtaaacgtggatcc.catggcaatticcc.ggg 

caa.cactg.cccagaggttcaatc gatc.cgatgatcc taatgaaggc.gc.cc 

gtocagtatcgtc.cat catagitatcgataaatatgtgaaggaaatgcctg 

caa.cactg.cccagaggttcaatc gatgtgtgataggat.ca.gtgttcaggg 

gaaggcgaaggagacitgctaatato gataaatatgtgaaggaaatgcctg 

gene78. O1a 50 LNA3 

gene78. 01b 50 LNA3 

gene78. 03 a 50 LNA3 

gene78. 03b 50 LNA3 

gene78.m.01INS350 block 

mCotgaaAgtAgaTttgttAttlccGaaAcgmCot'TctmCocGttmCttAagTc 

mCatAtamCoamcaaAtagt cmCotmcaaAaaTcamCaaGaaAacTcamCaamCacTg 

GatTtgmCagmcggTggTaaAaagtaTaAaamCatC gtAatTaaAagGtcTc 

mCoaAtgAaaactAatmCaaAggTaaAcg TggAtcmCoaTggmCaa TtcmC cqGg 

caa.cactg.cccagaggttcaatcGATmCmCoat gatcc taatgaaggcgc.cc 
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TABLE 6-continued 
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Internal exon-specific and merged exon-exon junction specific oligonucleotide 
capture probes. (SEQ ID NOs : ) 

Sequence (LNA upper case, 
Capture probes DNA lowercase letters) 

gene78.m.INS303 50 block 

gene78.m.01INS4 50 block 

gene78.m.INS403 50 block 

0376 Printing and Coupling of the Splice Isoform-Spe 
cific Microarrays 
0377 The splice variant capture probes were synthesized 
with a 5' anthraquinone (AQ)-modification, followed by a 
hexaethyleneglycol-2 (HEG2) linker. The capture probes 
were first diluted to a 20 uM final concentration in 100 mM 
Na-phosphate buffer pH 7.0, and spotted on the Immobilizer 
polymer microarray slides (Exigon, Denmark) using the 
Biochip Arrayer One (Packard Biochip Technologies, USA) 
with a spot volume of 2x300 pland 300 um between the 
spots. The capture probes were immobilized onto the 
microarray slide by UV irradiation in a Stratalinker with 
2300 ujoules (Stratagene, USA). Non-immobilized capture 
probe oligonucleotides were removed from the Slides by 
washing the slides two times 15 minutes in 1xSSC. After 
Washing, the slides were dried by centrifugation at 1000xg 
for 2 minutes, and Stored in a slide box until microarray 
hybridization. 

0378 Construction of Splice Variant Vectors 
0379 The recombinant splice variant constructs were 
cloned into the Triampl 8 vector (Ambion, USA). The 
constructs were Sequenced to confirm their construction. 
The plasmid clones were transformed into E. coli XLI 
O-Gold (Stratagene, USA). Triamp18/SWI5 vector con 
Struct 

0380 Genomic DNA was prepared from a wild-type 
Standard laboratory Strain of Saccharomyces cerevisiae 

AtcgatCCGATGATCCTAATGAAGGCGCCCGGGTACTCCTTCTTGCATTCTTCAACTTCC 

gtc.cagtatcgtc. catcatAGTATcgataaatatgtgaaggaaatgcc to 

caacactg.cccagaggttcaatcGATGTgtgataggatcagtgttcaggg 

gaaggcgaaggag actoctaATATcgataaatatgtgaaggaaatgcc to 

con contains 730 bp of the SWI5 ORF plus a 20 bp universal 
linker Sequence and a poly-A tail. The PCR primers used 
were YDR146C-For-EcoRI (acgtgaattcaaatacagacaatgaag 
gagatga) (SEQ ID NO:), YDR146C-Rev-Uni (gatccccgg 
gaattgccatgttacctttgattagttittcattggc (SEQ ID NO:)), and Uni 
poly T-BamHI 
(acgtggat.cctttittttittttitttittttittgatccccgggaattgccatg (SEQ 
NO:)). 
0381. The PCR amplicon was cleaved with the restriction 
enzymes EcoRI and BamHI. The DNA fragment was ligated 
into the pTRIampl 8 vector (Ambion, USA) using the Quick 
Ligation Kit (New England Biolabs, USA) according to the 
Supplier's instructions and transformed into E. coli 
DH-5C (by standard methods. 
0382 Construction of the Recombinant Splice Variant #1 
(Triamp18/swiS-rubisco) 
0383. The Arabidopsis thaliana Rubisco small subunit 
SSu2b gene fragment (gil 7064721) was amplified from 
genomic DNA using primers named DJ305 (5'-ACTAT 
GATGGACGATACTGGAC-3' (SEQ ID NO:)) and DJ306 
(5'-ATTGGATCGATCCGATGATCCTAATGAAGGC-3' 
(SEQ ID NO:)), containing Clal restriction site linkers. The 
purified PCR fragment was digested with ClaI and then 
cloned into the Swi5 (g:7839148) vector at the unique ClaI 
Site (atcgat) giving each insert a flanking sequence from the 
original yeast SWI5 insert (named exon01 and exon 03, 
FIG. 11). The product was inserted in the reverse orienta 
tion, So that the insert Sequence is as follows: 

ID 

(SEQ ID NO : ) 

TTCAACACTTGAGCGGAGTCGGTGCATCCGAACAATGGAAGCTTCCACATTGTCCAG 

TATCGTCCATCATAGTatcgat. 

using the Nucleon MiY DNA extraction kit (Amersham 
BioSciences, USA) according to the Supplier's instructions. 
Amplification of the partial yeast gene was performed using 
standard PCR with yeast genomic DNA as the template. In 
the first Step of amplification, a forward primer containing a 
restriction enzyme site and a reverse primer containing a 
universal linker Sequence were used. In this step, 20 base 
pairs were added to the 3'-end of the amplicon, next to the 
Stop codon. In the Second Step of amplification, the reverse 
primer was exchanged with a nested primer containing a 
poly-T, tail and a restriction enzyme site. The SWI5 ampli 

0384) Nucleotide sequence analysis revealed a difference 
between the Sequence of A. thaliana rubisco expected from 
the GenBank database and that obtained from all Sequenced 
constructs and PCR products. Position 30 in the Rubisco 
insert is “C” rather than the expected “A.” This SNP was 
probably created by PCR. None of the oligonucleotide 
capture probes used in the example cover this region. The 
Rubisco sequence in Genbank is TCCTAATGAAG 
GCGCCA (SEQ ID NO:), and the sequence obtained from 
the plasmid contruct is TCCTAATGAAGGCGCCC (SEQ 
ID NO:). 
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0385 Construction of the Recombinant Splice Variant # 
2 (Triamp18/swi5-lea) 
0386 The Arabidopsis thaliana Lea gene (gil 526423) 
was amplified from genomic DNA with primers named 
DJ307 (5'-GGAATTATCGATGTGTGATAGGATCAGT 
GTTCAG-3' (SEQ ID NO:)), and DJ308 (5-AATTGGATC 
GATATTAGCAGTCTCCTTCGCC-3' (SEQ ID NO:)), 
including the Clal linker sites as above. The PCR fragment 
was digested with ClaI cloned into the yeast SWI5 IVT 
construct as above at the unique Clal Site. 
0387. The fragment was inserted in the forward orienta 
tion, resulting in the following insert Sequence: 
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and 0.4 mM dCTP, and 3 ul. Cy5-dCTP, Amersham Bio 
sciensces, USA), 4+5xRTase buffer (Invitrogen), 2 ul 0.1 
mM DTT (Invitrogen), 400 units of Superscript II reverse 
transcriptase (Invitrogen, USA), and DEPC-treated water to 
20 ul final volume. 

0394. A parallel set-up was made with 10 ug total RNA 
from C. elegans and 1 ng of in vitro RNA from Splice 
variant #2, labelling with Cy3-dCTP. Both cDNA syntheses 
were carried out at 42 C. for 2 hours, and the reactions were 
stopped by incubation at 70° C. for 5 minutes, followed by 
incubation on ice for 5 minutes. 

atcgatCTGTGATAGGTTCAGTGTTCAGGGCTGTCCAAGGAACGTATGAGCATGCGAGA (SEQ ID NO: ) 

GACGCTGTAGTTGGAAAAACCCACGAAGCGGCTGAGTCTACCAAAGAAGGAGCTCA 

GATAGCTTCAGAGAAAGCGGTTGGAGCAAAGGACGCAACCGTCGAGAAAGCTAAG 

GAAACCGCTGATTATACTGCGGAGAAGGTGGGTGAGTATAAAGACTATACGGTTGA 

TAAAGCTAAAGAGGCTAAGGACACAACTGCAGAGAAGGCGAAGGAGACTGCTAAT'a 

to gat. 

0388 
Vectors 

In Vitro RNAPREPARATION from Splice Variant 

0389. In vitro RNA from the splice variants were made 
using the MEGAScript'TM high yield transcription kit accord 
ing to the manufacturer's instructions (Ambion, USA). The 
yield of IVT RNA was quantified at a Nanodrop spectro 
photometer (Nanodrop Technologies, USA, FIG. 11). Iso 
lation of total RNA from C. elegans C. elegans wild-type 
strain (Bristol-N2) was maintained on nematode growth 
medium (NG) plates seeded with Escherichia coli strain 
OP50 at 20 C., and the mixed stages of the nematode were 
prepared as described by Hope (ed.) ("C. elegans -A 
Practical Approach”, Oxford University Press 1999). The 
Samples were immediately flash frozen in liquid N and 
stored at -80 C. until RNA isolation. 

0390 A 100 ul aliquot of packed C. elegans worms from 
a mixed Stage population was homogenized using the Fast 
Prep Bio 101 from Kem-En-Tec for one minute, speed 6 
followed by isolation of total RNA from the extracts using 
the FastPrep Bioldbkit (Kem-En-Tec) according to the manu 
facturers instructions. 

0391 The eluted total RNA was ethanol precipitated for 
24 hours at -20°C. by addition of 2.5 volumes of 96% EtOH 
and 0.1 volume of 3M Na-acetate, pH 5.2 (Ambion, USA), 
followed by centrifugation of the total RNA sample for 30 
minutes at 13200 rpm. The total RNA pellet was air-dried 
and redissolved in 10 ul of diethylpyrocarbonate (DEPC)- 
treated water (Ambion, USA) and stored at -80° C. 
0392 Fluorochrome-Labelling of the Target 

0393 Ten (10) ug total RNA from C. elegans and 1 ng of 
in vitro RNA from Splice variant #were combined with 5 lug 
anchored oligo(dTO) primer and DEPC-treated water to a 
final volume of 8 ul. The mixture was heated at 70° C. for 
10 minutes, quenched on ice for 5 minutes, followed by 
addition of 20 units of Superasin RNase inhibitor (Ambion, 
USA), 1 ul dNTP solution (10 mM each dATP, dGTP, dTTP 

0395 Unincorporated dNTPs were removed by gel fil 
tration using MicroSpin S-400 HR columns as described 
below. The column was pre-spun for one minute at 1500xg 
in a 1.5 ml tube, and the column was placed in a new 1.5 ml 
tube. The cDNA sample was slowly applied to the top center 
of the resin and spun 1500-X g for 2 minutes. The eluate was 
collected. RNA was degraded by adding 3 ul of 0.5 M 
NaOH. The solution was mixed well and incubated at 70° C. 
for 15 minutes. The solution was neutralized by adding 3 ul 
of 0.5 M HCl and mixed well. 

0396 Then, 450 ul 1XTE, pH 7.5 was added to the 
neutralized Sample, and the Sample was transferred onto a 
Microcon-30 concentrator (prior to use, 500 ul 1xTE was 
spun through the column to remove residual glycerol). The 
Samples were spun at 14000xg in a micro centrifuge for 12 
minutes, and the Volume was checked. Spinning was con 
tinued until the volume was reduced to ul. The labelled 
cDNA probe was eluted by inverting the Microcon-30 tube 
and spinning at 1000xg for 3 minutes. The Microcon filter 
was checked for proper elution. 
0397) Comparative Hybridization of the Splice Variant 
Microarrays and Post-hybridization washes 
0398. The Cy3 and Cy5-labelled cDNA samples, respec 
tively, were combined in one tube. The following was added: 
3.75 ul 20xSSC (3xSSC final, pass through 0.22 u filter prior 
to use to remove particulates), yeast tRNA (1 lug/ul final), 
0.625 ul 1 M HEPES, pH 7.0 (25 mM final, pass through 
0.22 u filter prior to use to remove particulates), 0.75ul 10% 
SDS (0.3% final), and DEPC-water to 25 ul final volume. 
The labelled cDNA target sample was filtered in Millipore 
0.22 ul filter spin column (Ultrafree-MC, Millipore, USA) 
according to the manufacturers instructions, followed by 
incubation of the reaction mixture at 100 C. for 2-5 
minutes. The cDNA probes were cooled at room temperature 
for 2-5 minutes by Spinning at maxium speed in a micro 
centrifuge. A LifterSlip (Erie Scientific Company, USA) was 
carefully placed on top of the microarray Spotted on Immo 
bilizerm MicroArray Slide, and the hybridization mixture 
was applied to the array from the Side. An aliquot of 30 ul 
of 3xSSC was added to both ends of the hybridization 
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chamber, and the ImmobilizerTM MicroArray Slide was 
placed in the hybridization chamber (DieTech, USA). The 
chamber was sealed watertight and incubated at 65 C. for 
16-18 hours submerged in a water bath. After hybridization, 
the slide was removed carefully from the hybridization 
chamber and washed using the following protocol. 
0399. The slides were washed sequentially by plunging 
gently in 2xSSC/0.1% SDS at room temperature until the 
cover slip falls of into the washing solution, then in 1xSSC 
pH 7.0 (150 mM NaCl, 15 mM Sodium Citrate) at room 
temperature for one minute, then in 0.2xSSC, pH 7.0 (30 
mM NaCl, 3 mM Sodium Citrate) at room temperature for 
one minute, and finally in 0.05xSSC (7.5 mM NaCl, 0.75 
mM Sodium Citrate) for 5 seconds, followed by drying of 
the slides by spinning at 1000xg for 2 minutes. The slides 
were Stored in a slide box in the dark until Scanning. 
04.00 Microarray data analysis 
04.01 The splice variant microarray was scanned in a 
Scan Array 4000XL confocal laser scanner (Packard Instru 
ments, USA). The hybridization data were analyzed using 
the GenePix Pro 4.01 microarray analysis software (Axon, 
USA). 
0402. In the data analysis, the experimental variation in 
the labelling efficiency between the two fluorescent dyes 
was normalized (scaled) as follows. The average signal 
intensities from the “exon” and “exon3' internal capture 
probes (Table 6), were used to calculate normalization factor 
of 2.75. This factor was multiplied to the signal intensity 
values from the Cy-3 target. 
0403. Analysis of the data from the specific detection of 
the two recombinant Splice variants in a complex RNA pool 
demonstrates that the merged capture probes containing a 
LNA block have significantly higher Signals and a very low 
level of cross-hybridization, compared to the DNA capture 
probes (FIGS. 12A and 1 2B). In addition, the specific 
detection of the two artificial splice variants #1 and #2 is 
validated with the results from LNA-modified oligonucle 
otide capture probes. Capture probes of other lengths and/or 
with other LNA substitution patterns can be used similarly. 
In contrast, the corresponding DNA oligonucleotide capture 
probes fail to detect splice variant #1 (FIG. 12B). 

EXAMPLE 6 

The Use of LNA-modified Oligonucleotides in 
Microarrays Provides Significantly Improved 

Sensitivity in Expression Profiling 
04.04 This example demonstrates the advantages of using 
LNA oligonucleotide microarrays in gene expression pro 
filing experiments. Capture probes for the Saccharomyces 
cerevisiae gene SWI5 (YDR146C) were designed as 50-mer 
standard DNA and two different LNA-modified oligonucle 
otides with LNA substitutions at every second or every third 
nucleotide position, respectively, for comparison (Table 7). 
To assess the sensitivity of DNA versus LNA capture probes, 
hybridizations with different amounts of biotin-labelled anti 
Sense oligonucleotides in a 10-fold dilution Series were 
performed. 
04.05) Design and Synthesis of the LNA Capture Probes 
0406 To design capture probes, regions with unique 
mRNA sequence of the Selected target genes were identified. 
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Optimized 50-mer oligonucleotide Sequences with respect to 
T, Self-complementarity, and Secondary Structure were 
Selected. LNA modifications were incorporated to increase 
affinity and specificity. The biotin-labelled antisense DNA 
target oligonucleotide corresponds to the reverse comple 
ment Sequence. 

0407 Printing of the LNA Microarrays 
0408. The microarrays were printed on ImmobilizerTM 
MicroArray Slides (Exiqon, Denmark) using the Biochip 
One Arrayer from Packard Biochip technologies (Packard, 
USA). The arrays were printed with a spot volume of 2x300 
pl of a 10 uM (final concentration) capture probe dilution. 
Four replicas of the capture probes were printed on each 
slide 

0409) Hybridization with Biotin-labelled Antisense Oli 
gonucleotide 
0410 The arrays were hybridized overnight using the 
following protocol. The desired amount of biotin-labelled 
oligonucleotide was combined in one tube followed by 
addition of 3 ul. 21xSSC (3xSSC final), 0.51L1 MHEPES, 
pH 7.0 (25 mM final), 25ug yeast tRNA (1.25 ug?ul final), 
0.6 uL 10% SDS (0.3% final), and DEPC-treated water to 20 
till final volume. The biotin-labelled target Sample was 
filtered in a Millipore 0.22 micron Spin column according to 
the manufacturer's instructions (Millipore, USA), and the 
probe was denatured by incubating the reaction at 100 C. 
for 2 minutes. The sample was cooled at 20-25 C. for 5 
minutes by Spinning at maxium speed in a microcentrifuge. 
A LifterSlip (Erie Scientific Company, USA) was carefully 
placed on top of the microarray spotted on ImmobilizerTM 
MicroArray Slide, and the hybridization mixture was 
applied to the array from the side. An aliquot of 30 lull of 
3xSSC was added to both ends of the hybridization chamber, 
and the ImmobilizerTM MicroArray Slide was placed in the 
hybridization chamber. The chamber was sealed watertight 
and incubated at 65° C. for 16-18 hours submerged in a 
water bath. After hybridization, the slide was removed 
carefully from the hybridization chamber and washed using 
the following protocol. The Lifterslip coverslip was washed 
off in 2XSSC, pH 7.0 containing 0.1% SDS at room tem 
perature for 1 minute, followed by Washing of the microar 
rays subsequently in 10.1xSSC, pH 7.0 at room temperature 
for 1 minute, and then in 0.2xSSC, pH 7.0 at room tem 
perature for 1 minute. Finally, the slides were washed for 5 
seconds in 0.05xSSC, pH 7.0. The slides were then dried by 
centrifugation in a Swinging bucket rotor at approximately 
200 G for 2 minutes. To visualize the biotin containing 
duplexes, an aliquot of 40 it of the 2 ug/ml Streptavidin 
Cy3 in 1xSSC+0.05% Tween solution was applied to the 
slide as described for the hybridization mixture above. The 
slide was incubated in a humidified chamber for 1 hour at 
room temperature. The coverslip was washed off in 1xSSC+ 
0.05% Tween for 1 minute, followed by wash in 0.2xSSC+ 
0.05% Tween for 1 minute and then 10 seconds in MilliO 
water. The Slide was dried by centrifugation in a Swinging 
bucket rotor for 2 minutes at 200 G. 

0411 Data Analysis 
0412 Following washing and drying, the slides were 
scanned using a Scan Array 4000XL scanner (Perkin-Elmer 
Life Sciences, USA), and the array data were processed 
using the GenePixTM Pro 4.0 software package (Axon, 
USA). 
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0413) Results 
0414. Incorporation of LNA nucleotides at every second 
or third nucleotide position in Standard 50-mer expression 
array oligonucleotide capture probes results in a 2-7-fold 
increase in fluorescence intensity levels using an unsaturated 
target concentration and hybridizing under Standard Strin 
gency conditions (FIG. 13). Thus, it can clearly be con 
cluded that the LNA oligonucleotides are more Sensitive in 
expression profiling compared to DNA oligonucleotides. 

TABLE 7 
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EXAMPLE 8 

Expression Profiling of Stress and Toxicity in 
Caenorhabditis elegans using LNA Oligonucleotide 

Microarrays 

0420. This example demonstrates the use of the C. 
elegans LNA tox oligoarray in gene expression profiling 
experiments in the nematode Caenorhabditis elegans. The 
C. elegans tox oligoarray monitors the expression of a 

DNA and LNA-modified SWI5 (YDR146C) oligonucleotide capture probes. 
LNA modifications are depicted by upper case letters in the sequence; 

"mC" denotes LNA methyl cytosine. (SEQ ID NO : ) 

Oligo Name Sequence 

YDR146C-50 

YDR146C-50 LNA2 

YDR146C-50 ILNA3 

EXAMPLE 7 

The Use of LNA-modified Oligonucleotides in 
Microarrays Provides Significantly Improved 

Sensitivity in Comparative Genome Hybridization 
(CGH). 

0415. This example demonstrates the advantages of using 
LNA oligonucleotide microarrays in Comparative Genome 
Hybridization (CGH) experiments. Capture probes for all 23 
exons of the Menkes gene (ATP7A) were designed as 
50-mer Standard DNA and different LNA/DNA mixmer 
oligonucleotides, respectively, for comparison (FIG. 17). 
The C6-amino-linked capture probes were applied to Immo 
bilizer slides and hybridized with patient DNA samples 
labelled with a Cy3 fluorescent dye. 

0416 Design and Synthesis of the LNA Capture Probes 

0417. To design the capture probes, regions comprising 
individual exons of the Menkes gene were identified. The 
optimal 50-mer oligonucleotide Sequences with respect to 
T, Self-complementarity, and Secondary Structure were 
Selected for each exon. LNA modifications were incorpo 
rated to increase affinity and Specificity. A Software tool 
“OligoDesign”, which automatically designs capture probes 
that are optimized for Sequence specificity, T, Self-comple 
mentarity, Secondary Structure, and LNA modifications was 
used for oligonucleotide design. 

0418 Results 

0419 Fluorescent Cy3 labelled patient genomic DNA 
was hybridized to microarrays spotted with the CGH capture 
probes listed in FIG. 17. Compared to DNA capture probes, 
capture probes with LNA in every second position (LNA-2) 
had a Significantly better capture rate of non-amplified 
labelled genomic patient DNA as shown in FIGS. 14-16. 
Capture probes of other lengths and/or with other LNA 
Substitution patterns can be used similarly. 

tgg gaatggaacggggattatggtttc.gc.caatgaaaactaatcaaaggt 

TgGgAaTgGaAcGgGgAtTaTgG-tTtmCq.mCoAaTgAaAamCtAaTcAaAgGt 

TggGaaTggAacGggGatTatggitTitcGccAatCaaAacTaaTcaAagGt 

Selection of 110 genes relevant for general StreSS response 
and for the metabolism of toxic compounds. Two different 
capture probes for each of these target genes were designed 
and included in the LNA tox array. In addition, the C. 
elegans LNA tox oligoarray contained capture probes pro 
viding control for cDNA synthesis efficiency and the devel 
opmental Stage of the nematode. Capture probes for consti 
tutively expressed genes for data Set normalization were also 
included on the C. elegans LNA tox oligoarray. 
0421 Cultivation of C. elegans Worms 
0422 For all cultures, the sample was divided into two, 
and one half of the Sample was used as the control, the other 
was used as the treated Sample. Worm Samples were har 
Vested and Sucrose cleaned by Standard methods. For heat 
Shock treatment, the heat Shock Sample was added to S-me 
dia preheated to 33 C. in a 1 L flask suspended in a water 
bath at 33°C., the other sample was added to a 1 L flask with 
S-media at 25 C. Both samples were shaken at approxi 
mately 100 rpm for an hour. For Lansoprazole treatment, 0.5 
mL of 10 mg/mL Lansoprazole (Sigma) in DMSO was 
added to each 500 mL volume of S-media culture after 28 
hours of growth from LI. At the same time, 0.5 mL of DMSO 
was added to the control. Incubation was for 24 hours. 
Samples were then harvested by centrifugation at 3000xg 
suspended in RNALaterTM (Ambion) and immediately fro 
Zen in liquid nitrogen. 

0423) RNA Extraction 
0424 RNA was extracted from the worrn samples using 
the FastRNA(R) Kit, GREEN (Q-BIO) essentially according 
to the Suppliers instructions. 
0425 Design and Synthesis of the LNA Capture Probes 
0426 To design the capture probes, regions with unique 
mRNA sequence of the Selected target genes were identified. 
The optimal 50-mer oligonucleotide Sequences with respect 
to T, Self-complementarity, and Secondary Structure were 
Selected. LNA modifications were incorporated to increase 
affinity and Specificity. 
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0427 Printing of the LNA Microarrays 
0428 The microarrays were printed on ImmobilizerM 
MicroArray Slides (Exiqon, Denmark) using the Biochip 
One Arrayer from Packard Biochip technologies (Packard, 
USA). The arrays were printed with a spot volume of 2x300 
pl of a 10 1M capture probe solution. Four replicas of the 
capture probes were printed on each Slide. 
0429 Synthesis of Fluorochrome Labelled First Strand 
cDNA from Total RNA 

0430 15 lug of C. elegans total RNA was combined with 
5 ul oligo dT primer (T20VN) in an RNase free, pre 
Siliconized 1.5 mL tube, and the final Volume was adjusted 
with DEPC-water to 8 ul. The reaction mixture was heated 
at +70° C. for 10 minutes, quenched on ice 5 minutes, spin 
20 seconds, followed by addition of 1 uL SUPERase-InTM 
(20U?ul, Ambion, USA), 4 uL 5xRTase buffer (Invitrogen, 
USA), 2 ul 0.1 M DTT (Invitrogen, USA), 1 uL dNTP (20 
mM dATP, dGTP, dTTP; 0.4 mM dCTP in DEPC-water, 
Amersham Pharmacia Biotech, USA), and 3 ul. Cy3TM 
dCTP or Cy5TM-dCTP (Amersham Pharmacia Biotech, 
USA). First strand cDNA synthesis was carried out by 
adding uL of SuperscriptTM II (Invitrogen, 200 U/mL), 
mixing, and incubating the reaction mixture for 1 hour at 42 
C. An additional 1 till of Superscript"M II was added, and the 
cDNA synthesis reaction mixture was incubated for an 
additional 1 hour at 42 C.; the reaction was stopped by 
heating at 70° C. for 5 minutes, and quenching on ice for 2 
minutes. The RNA was hydrolyzed by adding 3 till of 0.5M 
NaOH, and incubating at 70° C. for 15 minutes. The samples 
were neutralized by adding 3 ul. of 0.5 M HCl, and purified 
by adding 450 till 1xTE buffer, pH 7.5 to the neutralized 
Sample and transferring the Samples onto a Microcon-30 
concentrator. The Samples were centrifuged at 14000xg in a 
microcentrifuge for 8 minutes, the flow-through was dis 
carded, and the Washing Step was repeated twice by refilling 
the filter with 450 til 1xTE buffer and by spinning for ~12 
minutes. Centrifugation was continued until the Volume was 
reduced to 5 ul, and finally the labelled cDNA probe was 
eluted by inverting the Microcon-30 tube and spinning at 1 
000xg for 3 minutes. 
0431 Hybridization with Fluorochrome-Labelled cDNA 
0432. The arrays were hybridized overnight using the 
following protocol. The Cy3TM and Cy5TM-labelled cDNA 
samples were combined in one tube followed by addition of 
3 uL 21XSSC (3xSSC final), 0.5uL 1 M HEPES, pH 7.0 (25 
mM final), 25ug yeast tRNA (1.25ug?ul final), 0.6 uL 10% 
SDS (0.3% final), and DEPC-treated water to 20 uL final 
volume. The labelled cDNA target sample was filtered in a 
Millipore 0.22 micron Spin column according to the manu 
facturer's instructions (Millipore, USA), and the probe was 
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denatured by incubating the reaction at 100° C. for 2 
minutes. The sample was cooled at 20-25 C. for 5 minutes 
by Spinning at maximum speed in a microcentrifuge. A 
LifterSlip (Erie Scientific Company, USA) was carefully 
placed on top of the microarray spotted on ImmobilizerTM 
MicroArray Slide, and the hybridization mixture was 
applied to the array from the side. An aliquot of 30 lull of 
3xSSC was added to both ends of the hybridization chamber, 
and the ImmobilizerTM MicroArray Slide was placed in the 
hybridization chamber. The chamber was sealed watertight 
and incubated at 65° C. for 16-18 hours submerged in a 
water bath. After hybridisation, the slide was removed 
carefully from the hybridization chamber and washed using 
the following protocol. The Lifterslip coverslip was washed 
off in 2xS SC, pH 7.0 containing 0.1% SDS at room 
temperature for 1 minute, followed by Washing of the 
microarrays Subsequently in 10.1xSSC, pH 7.0 at room 
temperature for 1 minute, and then in 0.2xSSC, pH 7.0 at 
room temperature for 1 minute. Finally, the Slides were 
washed for 5 seconds in 0.05xSSC, pH 7.0. The slides were 
then dried by centrifugation in a Swinging bucket rotor at 
approximately 200 G for 2 minutes. The slide was then ready 
for Scanning. 
0433) Data analysis. 
0434 Following washing and drying, the slides were 
scanned using a Scan Array 4000XL scanner (Perkin-Elmer 
Life Sciences, USA), and the array data were processed 
using the GenePixTM Pro 4.0 software package (Axon, 
USA). The data in each image was normalized so that the 
ratio of means of all of the features is equal to 1. 
0435 Results 
0436 Use of LNA-modified oligonucleotide capture 
probes in the C. elegans LNA tox oligoarray clearly allows 
the identification of distinct expression profiles for C. 
elegans genes relevant for general StreSS response and for 
the metabolism of toxic compounds. 

TABLE 12 

Expression profiling using LNA Oligonucleotide Microarrays. 
Log2 transformed fold of changes for five selected genes in 

the two expression profiling experiments. 

Protein name 
(clone name) Heat shock Lansoprazole 

HSP70 (F44E5.4/5) 4.11 ind 
CYP37A (F01D5.9) ind O.98 
Ubiquitin (M7.1) O16 -0.12 
Histone 1Q (CO1B10.5) -1.49 ind 
HSP90 (C47E8.5) ind -1.17 

0437 

TABLE 13 

LNA-modified oligonucleotide capture probes. LNA modifications are depicted by 
upper case letters in the sequence; 'mc' denotes LNA methyl cytosine. 

(SEQ ID NOs : ) 

Oligo Name 

CEABC C34G6.4 u293 LNA3 

CEABC C34G6.4 u375 LNA3 

Sequence 

TgcmCatTgcAcgGgcActTgtTcgAtcTccTtcTgtTttActTttggaTg 

TcaTtcTagGatTgcmCagAtgGttAlgAtamCitcAtgTc gGagAgaAagGa 






















































































































































































































































































































































































































































































































