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ABSTRACT

Motivation: Selecting oligonucleotide probes for use in microarray
design, and other applications requiring signature sequences, involves
identifying sequences which will bind strongly to their intended tar-
get, while binding only weakly (or preferably, not at all) to non-target
sequences which may be present in the hybridization reaction. While
many tools to assist in selection of such sequences exist, all the ones
we examined lack important oligo design and software features.
Results: YODA is an application for assisting biological research-
ers in selecting signature sequences. It incorporates a custom
sequence similarity search to find potential cross-hybridizing non-
target sequences. For this task, most oligo design tools rely on BLAST,
which is ill suited for it due to an unacceptable risk of false negatives.
YODA supports multiple probe design goals including single-genome,
multiple-genome, pathogen-host and species/strain-identification.
A graphical interface is provided as well as a command-line interface,
both of which support many user-controlled parameters. YODA is easy
to install and use and runs on Windows, Mac OS X and Linux platforms.
Availability: Freely available (LGLP) along with source code and
additional documentation at http://pathport.vbi.vt.edu/ YODA
Contact: enordber@vbi.vt.edu

INTRODUCTION
Oligo design considerations

Three genera considerations are important in designing oligonuc-
leotide probes for microarrays: sensitivity of the individual probes,
specificity of individual probes and consistency among the set of
probes.

Sensitivity refers to the ability of the oligonucleotide probe to
bind strongly to itstarget sequence. Thisprimarily requires selecting
probe sequences which do not tend to form stable secondary (‘ stem-
loop’ or ‘hairpin’) structures and which do not have a tendency
to form homo-dimers. The presence of stable secondary structures
and/or probe dimers limits the availability of the probe for binding
to its target sequence.

Specificity refers to the inability of the probe to bind strongly
to non-target sequences that may be present during the hybridiza-
tion. This can be accomplished by avoiding probes with excessive
sequence similarity to a non-target sequence that may be present
during the hybridization. There are multiple criteria for ‘excessive
sequence similarity’.

(1) Total percent identity: >75-80% identity with a non-target

sequence (Hughes et al., 2001; Kane et al., 2000).

(2) Contiguous identical stretches: contiguous stretches of iden-
tity >15 nt with a non-target sequence (Kane et al., 2000).

(3) Low complexity: ‘low complexity’ regions, such as long
stretches of the same base.

Consistency among the set of probes primarily involvesall probes
having similar melting temperatures(7y,). Depending on the protocol
used for sample preparation, it may be important for probes to be
targeted towards various regions of the sequence. If poly-dT priming
is used, then probes should be close to the 3’ end of the sequence. If
random priming is used then probes should be towards the 5’ end or
the center of the sequence.

Softwar e features

In addition to the technical requirements for oligo selection, there
are certain desirable features for the software performing the selec-
tion. The oligo selection program should run on multiple computer
platforms, including Windows, Macintosh and Linux. RAM require-
ments should be reasonable (e.g. 512 MB). It should run in a
‘reasonable’ amount of time. While thisis a subjective criterion, we
would suggest that ‘ reasonable’ timeswould bemeasured in minutes,
possibly hours, but certainly not days, for single genome designs.

Idedlly, the program will not require any external local or remote
programs to accomplish its task. Dependence on external pro-
grams can create problems beyond the control of the oligo selection
program. Using remote (server-side) programs involves network
latencies and makes performance dependent on network traffic and
server load. Local programs may be platform-specific and require
complicated installations.

For the software to be useful to arange of usersit should providea
Graphical User Interface (GUI) aswell asacommand-lineinterface.
A GUI alowsnon-computer-expert usersto usetheprogrameasily. A
command-lineinterface allowsthe program to be easily incorporated
into scripts and pipelines.

Available oligo selection tools

Many tools for oligo probe selection exist [Bozdech et al., 2003;
Kaderali and Schliep, 2002; Li and Stormo, 2001; Nielsen
et al., 2003; Premier Biosoft (http://www.premierbiosoft.com/
dnamicroarray/dnamicroarray.com); Raddatz et al., 2001; Reymond
et al., 2004; Rouillard et al., 2002, 2003; Wang and Seed 2003; Xu
etal., 2002]. Several of theseareshownin Table 1, which summarizes
certainfeaturesof eachtool. Theavailabletoolsaregenerally difficult
toinstall and configure, non-intuitiveto use and, as Table 1 indicates,
lack important oligo design and softwarefeatures. Additionally, most
oligo selection toolsrely heavily on BLAST. Thishas seriousimplic-
ationsfor oligo specificity. BLAST isdesigned for rapid searching of
a sequence database to find highly significant alignments to a query
sequence (Altschul et al., 1990). In order to achieve the speed of
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Table 1. Features of selected probe design tools

Tool name Platform  CL/GUI  Total identity  Contiguous Ty method Tmyrange GCcontent  Secondary  Dimer Prohibited
identity structure
ArrayDesigner3.0 WIM/L GUI BLAST No NN No Yes Yes Yes Yes
ArrayOligoSelector L CL BLAST No None No Yes No Yes No
OligoArray 1.0 WIM/L Both BLAST BLAST NN No No MFOLD No Yes
OligoArray 2.0 L CL BLAST ? NN No Yes MFOLD No Yes
OligoPicker L CL BLAST Yes G+C Yes No BLAST BLAST No
Oligowiz W/M/L GUI BLAST Yes NN Yes No No No No
PrimeArray w GUI ? No G+C/NN No Yes Yes? Yes? No
PRIMEGENS L CL BLAST No Primer3 No Primer3 Primer3 Primer3  No
PROBESEL W/L CL Yes No NN No No No No No
ProbeSelect L CL Yes Yes NN No Yes No No No
ROSO WIM/L Both BLAST No NN Yes Yes Yes Yes Yes
YODA W/M/L Both Yes Yes NN Yes Yes Yes Yes Yes

Where an external program is used to perform one of the functions, that program’s nameis given. A ‘? indicates that information about this feature was not available, or isinferred.
‘Contiguous Identity’ refers to the ability of the tool to screen candidate probes for short uninterrupted stretches of identities with a non-target sequence. ‘ Prohibited’ refers to the
ability of the user to provide specific prohibited sequences that should be avoided in selected probes. W=Windows, M=Macintosh, L=Linux, CL=Command Line, GUI=Graphical

User Interface, NN=Nearest Neighbor, G+C=GC content.

which BLAST is capable, shortcuts are taken. BLAST uses aword-
based lookup approach, with a minimum word size of 7 nt for DNA
sequences. BLAST identifies database sequences sharing ‘words
with the query sequence. If a database sequence does not share at
least one word with the query, BLAST will not attempt to align
the two sequences. This means that two sequences that are identical
except at every seventh position have no chance of being aligned by
BLAST. Oligo selection programs using BLAST may select oligos
which are >86% identical to a non-target sequence, regardless of
the identity threshold which is used. An examination of oligo sets
produced by some of the available programs shows that this does
occur in practice (see Results and Discussion).

Other problems with available tools include reliance on external
software, limited user interface, platform-specificity, lack of consid-
eration of secondary structureor dimerization, and excessiverunning
times.

Yet-another Oligonucleotide Design Application

Y ODA (Yet-another Oligonucleotide Design Application) isan easy-
to-use stand-alone application for the rapid design of microarray
probesets. Y ODA supportsthedesign of oneor moreoligo probesper
sequence using parameters such as oligo length, maximum percent
identity to a non-target sequence, maximum consecutive identities
with a non-target sequence, melting temperature range, GC con-
tent range, secondary structure and homo-dimerization potential. We
describe the design process and provide examples of probe design
tasks. An examination of existing tools, and individual comparisons
with YODA, demonstrates the need for another oligonucleotide
design tool.

To support multiple design strategies, YODA considers three
classes of DNA sequence files, termed Design, Genome, and Host.
Design files contain sequences for which oligo probes are to be
designed. Host files contain sequences to be considered for potential
cross-hybridization to all designed probes. Genomefiles are primar-
ily aconvenienceto support thedesign of probesfor asubset of genes
in agenome, which is particularly useful in iterative designs.

ALGORITHM

Inorder to minimizethetimerequired to performadesigntask, oligos
are processed in several steps of increasing computational intensity,
with unfit candidate probes being removed at each successive step.
The stepsin the design process are: determining average Tr, and GC
content, identifying prohibited sequences and contiguous stretches
of identities, calculating T, checking for potential secondary struc-
ture, checking for dimerization potential and checking for excessive
similarity to non-target sequences.

Determine aver age Ty, and GC content

Y ODA usesthe nearest-neighbor formulawith the parameters repor-
ted by Santal_ucia (1998). First, the average T, for al oligos of the
specifiedlengthiscalculated. The user specifiesarangeof acceptable
Tms. For example, if the calculated average is 65°C and the specified
rangeis4°C, then any T, from 63 to 67°C is acceptable. This saves
the user thetrouble of determining agood T, for the sequencesbeing
considered, while maximizing thenumber of oligosthat can befound
within the desired range of Tr,s. Average GC content for all oligos of
the specified length is also calculated. Sequences provided in Host
files are not considered for these calculations.

Prohibited sequences and contiguousidentities

Initially, al sequences of the target oligo length are considered
as candidate probes. Each oligo is first examined for the presence
of any prohibited sequences or any long stretches of contiguous
identities with a non-target sequence. The user can specify prohib-
ited sequences, which are short (<16 nt) sequences to be avoided
in probes. Poly-X (e.g. AAAAA or TTTTT) sequences are aso
considered prohibited sequences.

Filter for Ty

All oligo candidates passing the previous tests are examined for Tp,.
If the T, for the candidate is outside of the acceptable range, the
candidateis rejected.
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Filter for secondary structure

All remaining candidates are checked for potential stem-loop struc-
tures by looking for short stretches of complementary sequences (the
‘stem’) that are separated by a few bases (the ‘loop’). The user can
set parametersfor length and stringency of the stem and length of the
loop. A thermodynamic approach is not used for this step because
theintent isnot to find the best secondary structure, but to determine
if any such structureislikely.

Surviving candidates for each sequence are stored in atemporary
filefor later sorting and validation.

Sort and validate candidates

At this stage, each target sequence may have anywhere from zero to
thousands of oligo candidates. Selecting afinal oligo, or set of oligos,
for each sequence is performed by various Probe Sorter modules.
The default Probe Sorter isthe Coverage Probe Sorter, which selects
multiple oligos per sequence (up to a maximum specified by the
user) with the goal of even spacing acrossthe length of the sequence.
Other Probe Sorters may select oligos close to the 3’ end, close to
the 5’ end, closeto the center of the sequence, or all non-overlapping
oligos. Multiple Probe Sorters may be used and each produces its
own output file containing its set of selected oligos.

Only those candidates selected by a Probe Sorter are subjected to
final validation, which checks the oligo for dimerization potential
and for sequence similarity to other sequences being considered.
Sequence similarity is determined using the SeqMatch tool.

SegMatch is a custom sequence similarity search tool developed
for use in YODA. It serves the same purpose for which BLAST
is used by many other tools. The goal is to determine if there is
any non-target sequence which has a greater percent identity with
the oligo candidate than a specified cutoff value (80% by default).
SeqMatch uses two different algorithms, depending on the percent
identity cutoff. For 80% and greater, aword-based search with word
length of 4isused. With aword length of 4, itispossibleto guarantee
that all matches with >80% identity will be found. To find matches
with <80% identity, an exhaustive search is used. This search can
find matches at any level, but it requires significantly more time.
At 94% and higher, running SegMatch is not necessary because the
candidate probe has aready been checked for any non-unique 15
mers. If the candidate has at |east one mismatch every 15 baseswhen
aligned with another sequence, it must be less than 94% identical to
the other sequence. While 94% identity may seem unacceptable,
there are applications where aguaranteed mismatch at least every 15
bases is sufficient, particularly when dealing with very short probes
(25-35nt) (Relogio et al., 2002).

SegMatch does not attempt to find the best match for a given
sequence, nor does it perform gapped alignments. It searches only
until it findsasinglematch abovetheidentity threshold, at whichtime
the candidate is rejected and the Probe Sorter moves on to the next
candidate. SegMatch can be used independently viaacommand-line
interface (additional documentation at website).

IMPLEMENTATION

YODA iswritten entirely in Javaand runs on any platform with Java
1.3.1 or better. A graphical interface and a command-line interface
are provided. The application can be launched by double-clicking
on thefileicon, or by running the command ‘java—jar YODA jar'.
Users wanting to use the command-line interface can get a list of

command-line options with the command ‘java—ar YODA jar -h'.
No additional software or libraries are required, nor is an active
network connection. Testing has been performed on Linux, Mac OS
X and Windows. Approximately 400 MB of RAM isrequired and a
machine with 512 MB is sufficient for most uses.

YODA is freely available, under the terms of the Lesser GNU
Public License, and can be downloaded along with source code and
documentation from http://pathport.vbi.vt.edu/YODA. A web ser-
vice version is also available, with access via the Tool Bus/PathPort
system (Eckart and Sobral 2003) (http://pathport.vhi.vt.edu).

Input files

All sequence files must be in FASTA format. The only restriction on
the FASTA title lineis that it must be unique for each Design File
sequence. The DNA sequences may contain ambiguity characters
(e.g. N), but they will not be considered for probedesign (i.e. YODA
does not design degenerate probes). No probe will be selected that
contains any character other than ATGC (uppercase and lowercase
are accepted). There are no explicit limits on the number of files or
the size of sequences that may be used. Multiple files of each type
may be used.

All accepted oligos will have been screened for ability to cross-
hybridizeto all sequencesinthe Designfiles. Atleast one Designfile
isrequired. Host files are optional and, if provided, must not contain
any sequences from the Design files. Genomefiles are also optional,
differing from Host filesin two ways: sequencesin Genomefilesare
used in calculating the average melting temperature and GC content
used for the design process; if any Genome files are provided, all
sequences in the Design files must be present in the Genome files
exactly once.

Output files

Y ODA produces three output filesfor each Probe Sorter used. There
is afile containing the probes sequences and details, including loca-
tioninthe sequence, Tr, and GC%. Thisisatab-delimited file, which
can be viewed with many spreadsheet programs or with YODA's
built-in OligoViewer. Thereisafile containing the FASTA titlelines
from any sequences for which the Probe Sorter was unable to select
oligo probes. Finaly, there is a file containing the FASTA format
sequences for which the Probe Sorter was unable to select oligo
probes. This last file is useful for an iterative design process, in
which the stringency for probe selection isinitially set very high, but
isreduced on successive rounds to select probes for those sequences
not meeting the more stringent criteria.

RESULTS AND DISCUSSION

Unless otherwise noted, the computer used for the design tasks
described here has a 2.0 GHz Pentium 4 processor with 512 MB
of physical RAM and runs the Linux operating system. Unless
otherwise noted, for design tasks, Oligo Length=60 nt, Max-
imum Percent ldentity =80%, T, range=6°C, GC range= 12%,
Maximum Consecutive Matches = 15, Maximum Poly-X = 4, DNA
concentration =50 nM and salt concentration =50 mM.

All sequence files used were obtained from NCBI (ftp:/ftp.ncbi.
nih.gov/genomesy).

Single-genome designs

Table 2 shows the results of severa single-genome design tasks. In
each case, a single file containing multiple gene sequences from the
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Table 2. Single genome design tasks

Genome Genes Length (nt) Found Found (%) Missed Missed (%) Time (m:s)
M.genitalium 480 510991 474 98.75 6 125 0:17
R.conorii 1374 1004733 1304 94.91 70 5.09 0:46
H.influenzae 1709 1515909 1663 97.31 46 2.69 1:16
P.multocida 2014 1962932 1991 98.86 23 114 1:45
C.perfringens 2723 2501739 2606 95.70 117 4.30 2:47
M.mazei 3371 3000343 3100 91.96 271 8.04 3:57
B.subtilis 4100 3569154 3980 97.07 120 2.93 5:15
Y.pestis (KIM) 4090 3749672 3760 91.93 330 8.07 5:16
E.coli (K12) 4289 3982796 4103 95.66 186 4.34 5:50
B.anthracis (Ames) 5311 4071929 5049 95.07 262 493 8:21
V.parahaemol yticus 4832 4349721 4604 95.28 228 4.72 6:55
A.tumefaciens (UW) 5402 4887979 5323 98.54 79 1.46 9:30
P.syringae 5471 5297783 5145 94.04 326 5.96 9:26
Smeliloti 6205 5617835 5953 95.94 252 4.06 12:06
Nostoc sp. 6128 5798072 5851 95.50 277 452 11:26
Pirellula sp. 7325 6745919 6844 93.43 481 6.57 14.57
Savermitilis 7671 7642573 6935 90.41 736 9.59 20:07
B.japonicum 8317 7688909 7871 94.64 446 5.36 21:36

Length given isthe effective length (Lt — [n % (Lo — 1)]). ‘Found’ is the number of genes for which a probe was selected; ‘Missed' is the number of genes for which no probe was

selected.

species was given as a Design file. Parameters are all set to default
values (see above). For each genome, probes are selected for at least
90% of the genes. Most of the designs (13 of 18) were completed in
<10 min.

Host—pathogen design

A probe set for the Escherichia coli K12 genome was designed with
28,410 human genes included as Host sequences, to prepare for the
possihility that an E.coli samplebeing analyzed may be contaminated
with sequences from the human host cells. Without consideration of
the human sequences, probes were selected for 4103 of 4289 E.coli
genes in about 6 min. The addition of the host sequences increases
thetimeto about 40 min and reducesthe number of genesfor whicha
probe can be sel ected to 4037. Thismeansthat the probes selected for
at least 66 of the E.coli geneswould have an unacceptable possibility
of hybridizing to host sequences in a sample, producing erroneous
expression values for those genes. By including the host genesin the
design process, the chance of such erroneous results can be reduced.

Specieg/strain identification design

In addition to transcriptional profiling, microarrays can be used to
identify an unknown DNA sample. YODA can design probe sets for
distinguishing between a set of given species or strains. Probeswere
designed from the genome sequences of four strains of E.coli, one of
which (0157:H7) contains two plasmids. A total of 2470 diagnostic
60 mer probes were found spanning all six DNA molecules (four
chromosomes and two plasmids) in 25 min, 12 s. An E.coli DNA
sample from unknown strain could be identified as coming from one
of these four strains, ruling out the other three, with the use of a
microarray containing this probe set. Such adesign requires that the
sequences be sufficiently different to allow identification of specific
probes. YODA is not intended, however, to design probe sets for
re-sequencing or SNP analysis/identification arrays.

Iterative design

An iterative design process may be used to maximize the number
of sequences for which probes can be designed, without sacrificing
probe quality for the majority of sequences. Each Probe Sorter pro-
duces a file containing the sequences for which it was unable to
select probes. By using this file as a Design file, and the original
file, containing all genes, asaGenomefile, asecond round of design
can be performed with slightly relaxed stringency. The mean Tr, and
GC values remain constant because they are determined from the
Genome file sequences. This may enable the selection of probes for
some of theinitially missed sequences. These probes may not be as
reliable asthe original set of probes, which must be considered when
analyzing data.

An iterative design process was used to select probes for E.coli
genes. The first round of the design used the default parameters,
finding probes for 4103 genesin about 6 min. For the second round,
thefile containing al E.coli genes was loaded as a Genome file, and
the file containing the rejected sequences from the first round was
loaded as the Design file. The Tr, range parameter was increased to
10°C and the GC range was increased to 20. In <1 min, probeswere
found for an additional 54 genes that had been missed in the more
stringent first round. For thethird round, the rejected sequencesfrom
the second round were used as the Design file. The Ty, range was
increased to 14°C, the GC range was increased to 30 and the Max-
imum Poly-X parameter wasincreased to 5. In <1 min, probeswere
selected for another 30 genes. This process can be continued, but at
some point the value of the probes becomes suspect. For some genes
it may not be possible to design useful signature oligonucleotides.

Tool comparisons

For comparison, OligoArray1.0, OligoPicker, ArrayDesigner3.0 and
Y ODA were used to design probe sets for the yeast Saccharomyces
cerevisiae. OligoArray1.0, OligoPicker and Y ODA arefreesoftware,
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Table 3. Comparison of YODA and other oligo design tools

Tool name Oligo length Total probes Total (%) Specific probes Specific (%) >80% ID Time (min)
ArrayDesigner3.0 6773 5849 99.7 5849 99.7 705 ~5040
YODA 70 5417 924 5417 924 0 22
OligoArray1.0 50 5844 99.7 250 4.3 518 3173
YODA 50 5484 935 5484 935 0 21
OligoPicker 70 5453 93.0 5453 93.0 36 32
YODA 70 5396 92.0 5396 92.0 0 13

Probe setswere designed for the 5864 genes of S. cerevisiae using ArrayDesigner3.0, OligoArray1.0, OligoPicker and YODA. For each comparison, YODA parameterswere adjusted,
as much as possible, to match the default settings for the other tool. * Specific’ means that the probe is reported by the design tool as being specific.

while ArrayDesigner3.0 isacommercia tool. Each tool hasits own
set of parameters, complicating a direct comparison. Comparisons
with YODA were done individually, attempting to adjust the Y ODA
parameters to match the default setting of the other tool. The results
of these designs are shown in Table 3.

OligoArrayl1.0 (Rouillard et al., 2002) selected probesfor 5844 of
the 5864 genes in 46 h, 45 min. Most of these probes are reported
as cross-hybridizing probes, expected to bind significantly to mul-
tiple target genes. Of the probes, 250 are reported as specific to a
single gene. Total percent identity is not available as a parameter
in OligoArray1.0, but the documentation indicates that for 50 nt,
50% identity is the cutoff. Of the 250 specific probes, 21 meet this
threshold. All 250 specific probes meet the 80% identity threshold.
Of the ‘ cross-hybridizing' probes, 262 have exact matchesin anon-
target gene. Inone such case, identical 50 mersare selected as probes
for 27 different genes. This 50 mer is present in atotal of 55 of the
genes. YODA selected specific 50 mer probes for 5484 of the 5864
genesin 21 min. None of the YODA probes are >80% identical to a
non-target sequence.

OligoPicker (Wang and Seed, 2003) selected specific probes for
5453 of the 5864 genes in 32 min. While OligoPicker appears to
perform better than OligoArray1.0, it suffers from the same pitfals
inherent in using BLAST to identify potentially cross-hybridizing
sequences. Among the set of selected probes are 36 with 80% or
greater identity to a non-target sequence. There are cases where
probes for two genes are >80% identical to each other. OligoPicker
screens probes for stretches of 15 nt or more consecutive identit-
ies with non-target sequences. While largely successful at avoiding
such regions, OligoPicker did select 22 probes with contiguous
identical stretches of 15 nt. YODA selected specific 70 mer probes
for 5396 of the 5864 genesin 13 min. None of the YODA probesare
>80% identical toanon-target sequence or have contiguousidentical
stretches of 15 nt with a non-target sequence.

The ArrayDesigner3.0 (Premier Biosoft) comparison was per-
formed usinga933 MHz G4 PowerMacwith 1.5 GB of RAM running
Mac OS X version 10.3.5 to run both ArrayDesigner3.0 and YODA.
ArrayDesigner3.0 sel ected specific probesfor 5849 of the 5864 yeast
genesin about 3.5 days. The selected probesfor 244 of thegeneshave
exact matches in a non-target gene, with another 125 of the probes
having matcheswith only one mismatched nucleotidein anon-target
gene. A total of 705 of the probes match a non-target sequence with
greater than 80% identity. YODA selected specific probes for 5417
of the 5864 genesin 22 min. None of the YODA probes are >80%
identical to a non-target sequence.

Table 3 summarizes the comparisons of these tools. Array-
Designer3.0 and OligoArray1.0 have long running times, primarily
due to the use of remote servers. These tools have the benefit of
running on al major platforms. OligoPicker has short running times
and does arelatively good job of probe selection. However, itisonly
availablefor Linux, lacksagraphical interfaceand usesalessreliable
method for predicting melting temperatures. All three use BLAST
for detecting cross-hybridization risks, rendering them incapable of
guaranteeing the specificity of selected probes.

Running time

Depending on the value of the Maximum Percent I dentity parameter,
Y ODA hastwo worst-case order running timeswith respect to effect-
ive sequence length. Effective sequence lengthis Lt — [n* (Lo —
1)], where Lt isthetotal length of all sequencesinthedesigntask, n
isthenumber of individual sequencesand Lo isthealigolength. This
is the total number of oligos of length Lo present in the sequence.
When only Design sequences are given, at 94% identity and greater,
YODA runsin O(n) time. That is, if the sequence length doubles,
the running time doubles. Below 94% Maximum Percent |dentity,
YODA runsin O(n?) time. That is, if the sequence length doubles,
the running time will quadruple.

When Design, Genome and Host sequencesareall considered, the
complexity analysisbecomesmorecomplicated. At 94% identity and
greater, thecomplexity is(a+b+c+d)D+aH + (a+d)G, where
D is the effective length of Design sequences, H is the effective
length of Host sequences, G is the effective length of non-Design
Genome sequences (i.e. Genome sequences that are not also present
in the Design sequences) and a, b, ¢ and d are constants for a given
set of parameters. The time to populate the list of al 15 mers is
described by a. The time to search the list of 15 mers, calculate
T and GC, and identify potential hairpin structures in each probe
candidate is described by . The number of probes being selected
per Design sequence is represented by c. The time to calculate the
mean T, and GC content is described by d. Below 94% identity,
the use of SeqMatch adds a term to the running time, resulting in
(@+b+c+d)D+aH + (a+d)G + ecD(D + H + G), where
the additional constant e represents the time to search for similar
sequences using SeqMatch.

Actual running time, and the number and quality of oligos selec-
ted, depends on the sequence being considered and the parameter
valuesused. The maximum percentageidentity parameter hasalarge
impact on running time because at different values different search
agorithms are used.
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Melting temperature

To date, thereisno established method of predicting melting temper-
ature of an immobilized oligonuclectide and alonger, complement-
ary, oligonucleotide in solution. The favored melting-temperature
prediction method is the nearest-neighbor formula using the thermo-
dynamic parameters reported by Santal_ucia (1998). This formula,
and these parameter values, assumes two strands in solution with
known concentrations. Asthisisclearly not the casein amicroarray
experiment, the validity of Tzs calculated in thisway is uncertain.

It is, however, reasonable to expect that two sequences with very
similar Tp,s as predicted by the nearest-neighbor method will have
actual Tmsvery near each other in amicroarray context, even though
the absolute predicted Ty,s are not accurate. In other words, if al
probes have predicted Tr,swithin anarrow range of each other, they
should have actual Ty,swithin a narrow range of each other. There-
fore, specifying a specific target T, for probes is not as important
as specifying that all probes have Tms within a certain number of
degrees of each other.

CONCLUSIONS
Y ODA providesthe research biologist with atool for the easy, rapid,

flexible and free design of signature oligonucleotides for use in
microarrays and other applications.
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