DYNAMIC PROGRAMMING FOR SINGLE NUCLEOTIDE
POLYMORPHISM ID IDENTIFICATION IN
SYSTEMATIC ASSOCIATION STUDIES

Cheng-Hong Yang,' Li-Yeh Chuang,* Yu-Huei Cheng,' Cheng-Hao Wen,* and Hsueh-Wei Chang>*°
'Department of Electronic Engineering, National Kaohsiung University of Applied Sciences; 2Department of
Chemical Engineering, I-Shou University; *Faculty of Biomedical Science and Environmental Biology,
*Graduate Institute of Natural Products, College of Pharmacy, and *Center of Excellence for Environmental

Medicine, Kaohsiung Medical University, Kaohsiung, Taiwan.

Single nucleotide polymorphisms (SNPs) play an important role in personalized medicine.
However, the SNP data reported in many association studies provide only the SNP nucleotide/
amino acid position, without providing the SNP ID recorded in National Center for Biotechnology
Information databases. A tool with the ability to provide SNP ID identification, with a user-friendly
interface, is needed. In this paper, a dynamic programming algorithm was used to compare
homologs when the processed input sequence is aligned with the SNP FASTA database. Our novel
system provides a web-based tool that uses the National Center for Biotechnology Information
dbSNP database, which provides SNP sequence identification and SNP FASTA formats. Freely
selectable sequence formats for alignment can be used, including general sequence formats
(ACGT, [dNTP1/dNTP2] or IUPAC formats) and orientation with bidirectional sequence match-
ing. In contrast to the National Center for Biotechnology Information SNP-BLAST, the proposed
system always provides the correct targeted SNP ID (SNP hit), as well as nearby SNPs (flanking
hits), arranged in their chromosomal order and contig positions. The system also solves problems
inherent in SNP-BLAST, which cannot always provide the correct SNP ID for a given input
sequence. Therefore, this system constitutes a novel application which uses dynamic programming
to identify SNP IDs from the literature and keyed-in sequences for systematic association studies.
It is freely available at http:/ /bio.kuas.edu.tw/SNPosition/.
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single nucleotide polymorphisms
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Single nucleotide polymorphisms (SNPs) are the most
common genetic variations in heredity. An SNP is a var-
iation of the DNA sequence caused by the replacement
of one nucleotide with another, insertion of one or
more nucleotides, or nucleotide deletion. Knowledge
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of SNPs constitutes useful information for personalized
medicine [1,2]. Using SNPs, a variety of genetic diseases
can be diagnosed, and side effects of medication can be
prevented, thus increasing therapeutic efficiency [3].
Comparative SNP searches are very useful; there-
fore, software packages have been developed to facili-
tate comparisons in the literature. SNPper [4] and FESD
[5], for example, rely on the chromosome position,
the cytogenetic band position and the name to query
information. SNPHunter [6] provides SNP screening, se-
lection and acquisition. Genewindow provides an in-
teractive tool for visualization of genomic variations [7].
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However, these systems are incapable of screening a
manually keyed-in sequence for SNP ID identification.

Recently, many servers have begun to provide
screening functions for SNP sequences; both SNPServer
[8] and GeneSNPs [9] provide a Basic Local Alignment
Search Tool (BLAST) function for a sequence; how-
ever, the BLAST function, by its very nature, produces
some problematic results, which will be described
later. Similarly, the National Center for Biotechnology
Information (NCBI) BLAST [10] showed different
results when different sequences were used, such as
those from blastn and megablast. The NCBI dbSNP
[11] contains a BLAST program for SNPs called SNP-
BLAST [12]. SNP-BLAST contains numerous data-
banks that provide the BLAST function, but there
are still problems when performing an SNP ID query
using manually keyed-in sequence. For instance, when
using the blastn function of SNP-BLAST with me-
gablast and blastn without megablast to perform the
BLAST function for a partial sequence, the results did
not always show the original keyed-in rs#. The BLAST
results did not provide high scores or high expected
values (which means that the specificity is low), or a
corresponding SNP ID could not be found (please see
details in the Results and Discussion section). There-
fore, in order to correctly query the SNP ID, the system
described here uses a dynamic programming algorithm
to compare homologs of the input sequences with the
FASTA sequence database to avoid such problems.

We used a JAVA-based server to solve all of the
above problems. This server includes data for human,
mouse and rat SNPs. The system uses dynamic pro-
gramming [13-15], which allows users to key-in the
sequence in different formats, and provides SNP IDs
within the input range, as well as allowing users to
identify NCBI SNP IDs and user-defined SNPs in an
unknown sequence. In addition, a search function for
SNP FASTA formats is provided, which overcomes the
limitations of the NCBI system, in which SNP-BLAST
does not provide only the correct SNP ID.

METHODS

System design

A dynamic programming algorithm is one of the most
widely used paradigms in computational molecular
biology; it can evaluate a search space in polynomial
time. Dynamic programming algorithms have been
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successfully applied to sequence alignment, gene re-
cognition, RNA structure prediction, and to tag SNP
selection. In this paper, we describe the development
of a web-based SNP information platform. The system
provides users with an input function for unknown
sequences and performs sequence alignments with
the rs_FASTA sequence in the databanks. The align-
ment results show the SNP ID, contig position, and
FASTA sequence information within the input se-
quence (a sequence in FASTA format begins with a
single-line description, followed by lines of sequence
data). The system also searches for 5" and 3’ flanking
sequences (not including alleles) of SNP FASTA se-
quences to provide related information about nearby
SNPs. Finally, the SNP information is presented graph-
ically (see Figures 1D and 1E, and Figure 2).

The flowchart for our system, shown in Figure 3, is
divided into four modules: an input module, a se-
quence data preprocessing module, a sequence align-
ment module, and a visualization module. In the input
module, two types of input formats, sequence input
and ID input, are allowed. For the sequence input for-
mats, the users may input non-preprocessed DNA
sequences or SNP sequences of alleles. The input se-
quence is then transferred into the sequence data pre-
processing module which deletes unnecessary blanks
and filters for non-base symbols. The processed se-
quence is then aligned with the FASTA sequence data-
base in the sequence alignment module. Finally, the
alignment results are graphically depicted in the
visualization module. The database used by this system
contains data for human (ftp://ftp.ncbi.nih. gov/snp/
human/), mouse (ftp://ftp.ncbinih.gov/snp/mouse/)
and rat (ftp: //ftp.ncbinih.gov/snp/rat/) SNPs in NCBI
dbSNP version b126 [11]. Each module in our system
is described in more detail below.

Input module

In the input model, a free sequence format is allowed;
DNA sequence formats (A, C, G, or T), dANTP1/dNTP2
sequence formats, and the IUPAC format can be used.
The input sequence is processed for SNP ID retrieval
in the input orientation. If no SNP is found, the input
sequence is automatically transferred to its comple-
mentary sequence for re-retrieval.

Sequence data preprocessing module
The purpose of this module is to delete unnecessary
blanks and line-feeds, and to filter non-base symbols
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Figure 1. Examples and principles for visualization of the output of target single nucleotide polymorphism (SNP) alignment. (A) The
related SNPs 1-5 are linearly arranged according to the contig position of the visualized sequence. (B) A graph of the whole sequence
based on the interval distance and flanking region of both sides. This range is then reflected to the ruler with a scale, as shown in (E).
(C) A related position of the input sequence to the SNP FASTA sequence and the visualized sequence. Only one SNP FASTA sequence
is shown although several overlapping SNP FASTA sequences are projected into the visualized sequence. (D) SNP color conditions for
SNPs a—g (left side) and the results of the alignment (right side) are displayed individually. The conditions for SNPs a—e and SNPs
fand g are discussed with the SNP and flanking region, respectively. Refer to the example with sequences in the text. (E) The alignment
results of the input sequence with respect to the visualized sequence. The SNP linear arrangement is based on the contig position.

other than A, T, C, and G. The IUPAC symbols M,
R,W,S,Y, K,V H,D, B, and N are reserved for the
transformation of [dNTP1/dNTP2] to the TUPAC
format.

Sequence alignment module

The processed input sequence is aligned with the
FASTA sequence database, and a dynamic program-
ming method [13-15] is used to compare their ho-
mologs. To determine whether the user’s input
sequence contains variations or not, the sequence
is aligned with the SNP FASTA sequence data. The
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system compares the bases of an input data sequence
one with the SNP rs_FASTA sequences to identify the
sequence with the greatest similarity. First, the SNP
FASTA sequence and the input sequence of the suffix
edit distance E are calculated. Where P(i) represents
the base of the user’s input sequence in index i,i=1,
2, ..., m, and m is the user’s input sequence length;
T(j) is the base of SNP FASTA sequence in index j,
j=1, 2, ..., n, and n is the SNP FASTA sequence’s
length. The procedure for the suffix edit distance is
given below. The computational performance when
carrying out the proposed analysis is O(Nmn), where

167



C.H. Yang, L.Y. Chuang, Y.H. Cheng, et al
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Figure 2. The visual output of our system can correctly match single nucleotide polymorphisms (SNP), for example: (A) rs13083205; and
(B) 1s6167569. The SNP ID rs#, organism, chromosome location, SNP and flanking hits, as well as their chromosome contig positions are
displayed. In this system, the relationship between these SNPs is provided in the order of chromosome contig. The SNP hit and flanking

hits for the SNP are marked by red and gray colors, respectively.

Input module

1. Sequence input

Free format sequence System format sequence

Figure 3. Block diagram of the proposed system.

N is the number of SNPs in NCBI dbSNP, and m
and n are as described above.

The procedure for determining the suffix edit
distance E:
fori« 0tomdo

EG, 0) « i
end
forj<~0Otondo

E@0,j) <0
end

fori«1tomdo
forj«0tondo
if(T(j)=P(i)) then

168

Visualization module
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EG,j) < (G-1,j-1)
else
min « MIN[E(i-1,j), EGi, j—-1)]
E(,j) < min+1
end
end
return B
To find the partially homologous sequence for

users, the maximum error tolerance for the input se-
quence is accepted (Equation 1). Once the error count
for aligning P and T is equal to or less than the maxi-
mum error tolerance, the input sequence is success-
fully aligned with the SNP FASTA sequence.
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Figure 4. Homologous alignment and possible homologous
sequences.

The maximum error tolerance number
=(input sequence length) x (tolerant error rate)
(Equation 1)

The homologous sequence can be obtained using the
previously determined suffix edit distance E and the
maximum error tolerance number based on backwards
dynamic programming. Once the suffix edit distance
E is less than or equal to the maximum error tol-
erance number, it is processed. The backward sequence
is the homologous sequence that fits with the analog.
For example, if an input sequence contains the bases
(nucleotides) TAGC, the maximum tolerance error rate
is 20%. When the input sequence is aligned with the
10-bases-long SNP FASTA sequence, TGGATACCAT,
the maximum error tolerance number is 10x0.2=2.
In other words, only two or fewer error alignments
are allowed in this case (Figure 4). The boldface
arrows in Figure 4 indicate the output of an agreeable
homologous alignment, for which the homologous
sequences are: (1) TG; (2) TGG; (3) TGGA; and (4) TA.

Visualization module

In the visualization module, the SNPs to be compared
and the variations in the SNP flanking regions are pre-
sented graphically. The SNPs compared (e.g. SNP1-
SNP5) are linearly arranged according to their contig
positions, as shown in Figure 1A. The visualization
graph of the whole sequence is output based on the
interval distance and the flanking regions on both
sides, as shown in Figure 1B. Because the input se-
quence only shows the sequence length, we obtained
a similar initial position and allele position for the SNP
FASTA sequence using a similar alignment (Figure 1C).
In addition, we determined the initial contig position
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(sCtgPos) and the final contig position (eCtgPos) of the
input sequence by using the allele contig position
(allelCtgPos) of the SNP within the whole sequence as
shown in Figure 1C. The calculation is shown below
(Equations 2 and 3).

sCtgPos=alleleCtgPos —(allelePos—sPos) (Equation 2)
eCtgPos=sCtgPos +length (Equation 3)

Because the comparison reveals many different results,
the proposed system shows the different results coded
in different colors, as illustrated in Figure 1D. For
alignment with targeting to the NCBI SNP, SNPs a—e
are displayed with different colors under different
circumstances in Figure 1D. For a flanking sequence
alignment without targeting to the NCBI SNP, SNPs
fand g are also displayed with different colors. More-
over, the matched SNPs or variations in the flanking
sequence are displayed individually in the input se-
quence, as shown on the right hand side of Figure
1D. Finally, the results of the input sequence are homol-
ogous to the SNP linear alignment according to the
contig position (Figure 1E). When the visualization is
processed, the minimum and maximum contig posi-
tions, e.g. 1138743 and 1138856 respectively, must be
found within all of the matched SNPs.

RESULTS AND DISCUSSION

Ninety percent of polymorphisms in the human ge-
nome are SNPs. Knowledge of these SNPs is regarded
as an important resource for personalized medicine
studies. A table containing 172 different sequences from
23 different chromosomes is provided online at http://
bio.kuas.edu.tw/dynamicSNP /ncbi-compare.jsp,
and the results obtained by SNP-BLAST in NCBI and
our proposed system are compared. Here, the input
sequence containing Homo sapiens rs13083205 [A/C]
for SNP-BLAST of NCBI is described below. As an
example, we choose an input sequence copied from
an SNP ID—namely for rs13083205 SNP ID [Homo
sapiens]: AAAATTAATATTCTTCAAAATTMTTTCTIT
CTAAAT (the length of the input sequence is shown
in blue as indicated by arrows in Figure 2A; M indi-
cates the SNP site).

When the blastn with megablast (default in the
NCBI) SNP-BLAST programs are used, these se-
quences gave different results for rs13083205. When
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Input 1: AAAATTAATATTCTTCAAAATTMTTTCTTCTAAAT

Blastn with Megablast Score(Bits) E Value

Blastn without Megablast Score(Bits) E Value

o o gnl|dbSNP|rs13083390 60.8  4e-08
No significant similarity found gnl|dbSNP|rs13083205 60.8  4e-08
gnl|dbSNP|rs13063760 60.8  4e-08
A gnl|dbSNP|rs12495488 60.8  4e-08
gnl|dbSNP|rs4452373 60.8  4e-08
gnl|dbSNP|rs2056549 60.8  4e-08
gnl|dbSNP|rs 1464651 60.8  4e-08
gnl|dbSNP|rs 1464650 60.8  4e-08
gnl|dbSNP|rs 1464649 60.8  4e-08
Input 2: AAAATTAATATTCTTCAAAATT[A/CITTTCTTCTAAAT
No significant similarity found Blastn without Megablast Score(Bits) E Value
gnl|dbSNP|rs13083390 572 6e-07
gnl|dbSNP|rs 13063760 572 6e-07
gnl|dbSNP|rs12495488 572 6e-07
B gnl|dbSNP|rs4452373 572 6e-07
gnl|dbSNP|rs2056549 572 6e-07
gnl|dbSNP|rs 1464651 572 6e-07
gnl|dbSNP|rs 1464650 572 6e-07
gnl|dbSNP|rs 1464649 572 6e-07
gnl|/dbSNP|rs13083205 554 2e-06

Input 2: AAAATTAATATTCTTCAAAATTATTTCTTCTAAAT

Blastn with Megablast Score(Bits) E Value
gnl|dbSNP|rs13083390  65.8 2e-09
gnl|dbSNP|rs13063760  65.8 2e-09
gnl|dbSNP[rs12495488  65.8  2e-09
gnl|dbSNP|rs4452373 65.8 2e-09
C | gnlldbSNPrs2056549 658 26-09
gnl|dbSNP|rs1464651 65.8 2e-09
gnl|dbSNP|rs1464650 65.8 2e-09
gnl|dbSNP|rs1464649 65.8 2e-09
nl|dbSNP|rs13083205 62.1 3e-08

Blastn without Megablast Score(Bits) E Value

gnl|dbSNP|rs13083390 64.4 4e-09
gnl|dbSNP|rs13063760 644  4e-09
gnl|dbSNP|rs12495488 64.4 4e-09
gnl|dbSNP|rs4452373 64.4 4e-09
gnl|dbSNP|rs2056549 644  4e-09
gnl|dbSNP|rs1464651 64.4 4e-09
gnl|dbSNP|rs1464650 64.4 4e-09
gnl|dbSNP|rs1464649 64.4 4e-09
gnl|dbSNP|rs13083205 60.8  4e-08

Input 3: AAAATTAATATTCTTCAAAATTCTTTCTTCTAAAT

Blastn with Megablast Score(Bits) E Value

Blastn without Megablast Score(Bits) E Value

No significant similarity found gnl|dbSNP|rs13083205 60.8  4e-08
gnl|dbSNP|rs 13083390 590 1e-07
gnl|dbSNP|rs13063760 59.0  1e-07
gnl|dbSNP|rs12495488 59.0  1e-07

5 gnl|dbSNP|rs4452373 590  1e-07
gnl|dbSNP|rs2056549 59.0  1e-07
gnl|dbSNP|rs1464651 59.0  1e-07
gnl|dbSNP|rs 1464650 59.0  1e-07
gnl|dbSNP|rs1464649 59.0  1e-07
gnl|dbSNP|rs57392751 446  0.003
gnl|dbSNP|rs12356542 446 0.003

Figure 5. Single nucleotide polymorphism (SNP) ID identification results obtained using the National Center for Biotechnology
Information SNP-tool. The results obtained with SNP-BLAST are separated, showing blastn with megablast on the left side and blastn
without megablast on the right side. SNP ID identification result of input sequence with SNP in: (A) International Union of Pure and

Applied Chemistry format “M”; (B) [A/CI; (C) A; and (D) C.
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the sequence was input in the IUPAC format, i.e. AAA-
ATTAATATTCTTCAAAATTMTTTCTTCTAAAT
(Figure 5A) and [dNTP1/dNTP2] sequence format, i.e.
AAAATTAATATTCTTCAAAATT[A/CITTTC TICTA-
AAT (Figure 5B), SNP-BLAST was unable to locate a
significantly similar alignment, i.e. there is no matched
SNP. Because the alleles of SNP ID rs13083205 are
A/C, the input sequence is a general sequence con-
taining the allele base “A” (Figure 5C); the results of
SNP-BLAST were rs13083390, rs13063760, rs12495488,
154452373, 1s2056549, rs1464651, rs1464650, rs1464649,
and rs13083205. The “scores” were all 65.8 and the
“expected” value was 2e—09, except for rs13083205
(score=62.1 and expected =3e-08). Most of these SNP
IDs provided in the BLAST results were unable to
provide the correct SNP ID from the input sequence,
i.e. the input rs13083205 SNP ID-containing sequence.
Furthermore, the rs13083205 was hit with low per-
formance (low score bits and high expected values)
compared with the other hits. On the other hand, if
the input sequence is a general sequence containing
allele base “C” (Figure 5D), the results of SNP-BLAST
show “no significant similarity found”. Therefore, the
search in SNP-BLAST is sequence format-dependent
and differs on a case-by-case basis. In this case, SNP-
BLAST does not reveal a single positive result for the C
allele of rs13083205, whereas under other circum-
stances, no significant hit is retrieved by SNP-BLAST.
In some cases, SNP IDs are hit without including the
target SNP ID. These are common problems for SNP-
BLAST in the NCBI when the BLAST function is per-
formed by inputting a sequence to identify SNP ID
or IDs within a sequence. These results can mislead
researchers and prevent them from obtaining the
correctly matched SNP ID in a trial.

Moreover, the input sequence produces different
results when using the SNP-BLAST program blastn
of SNP-BLAST in the NCBI without megablast. When
the sequence is input in the IUPAC format “M” (Figure
5E), the BLAST results included a total of nine SNP
IDs: rs13083390, rs13083205, rs13063760, rs12495488,
rs4452373, 1s2056549, 151464651, 1s1464650 and
rs1464649 with a score of 67.2 and an expected value of
2e-09. However, all of the eleven SNPs in rs13083205
share the highest score; therefore, NCBI SNP-BLAST
cannot provide the correct SNP ID(s) for this input se-
quence. Similarly, when the input sequence is entered
in the SNP nucleotide format [A/C] (Figure 5F) or A
(Figure 5G), nine matched SNPs are retrieved by SNP
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BLAST: rs13083390, rs13063760, rs12495488, rs4452373,
rs2056549, rs1464651, 151464650, rs1464649 and
rs13083205 with a score of 55.4-57.2 or 60.8-64.4 and
an expected value of 4e—08 to 4e—09 or 2e-10 to 4e-09,
respectively. In this case, however, the matched
rs13083205 did not have the highest score; thus users
are unable to determine whether it is the correct SNP
ID. For the sequence AAAATTAATATTCTTCAAAAT-
TCTTTCTTCTAAAT (Figure 5H), nine matched SNPs
were retrieved by SNP BLAST: rs13083205, rs13083390,
rs13063760, rs12495488, rs4452373, 152056549,
rs1464651, rs1464650, rs1464649, rs57392751, and
rs12357542, with a score of 44.6-60.8 and an expected
value of 0.003 to 4e-08. In this case, rs13083205
showed the highest score with SNP-BLAST. However,
different kinds of sequence formats may have differ-
ent performance for SNP ID retrieval in the NCBI
SNP-BLAST tool. In general, this will cause confusion,
and users cannot precisely identify the target SNP ID
for a given input sequence.

The NCBI SNP-BLAST tool shows similar problems
for other types of sequences from other species, such
as Mus musculus. For example, the rs6167569 sequence
is TCTTGCGTAGATCCGTCACAGCCCT[C/T|TTTC-
ACCCGCCAGGGCTCCCGACAA. When using blastn
with megablast, the allele of rs6167569 with T pro-
vided the correct SNP IDs in SNP-BLAST with a score
93.5 and an expected value of 7e-18, but the allele of
rs6167569 with Y, C and [C/T] did not match the cor-
rect SNP ID. Using blastn without megablast, rs6167569
contains different sequences, including [C/T], Y, C and
T. They all provided the same BLAST results with
three SNP IDs: rs6167569, rs6167516 and rs6167013; of
these, rs6167569 attained the highest scores. Therefore,
NCBI SNP-BLAST may provide too much data to de-
termine a correct SNP ID for the input sequence, or it
cannot provide the SNP ID at all. In addition, the SNPs
and flanking hits are not marked.

In our novel system, we used the same sequences
for rs13083205, located in human chromosome 3, as for
SNP-BLAST. The sequence contains SNPs in the
nucleotide format R, [A/G], A or G, and the choice for
mismatched bases is 1, by default. The four sequence
inputs show the same results, and all are correctly
matched to the SNP sequence rs13083205, as shown in
Figure 2A. Similarly, with rs6167569, located in mouse
chromosome 15, the different sequences including
[C/T], Y, C and T, were all matched correctly to only
a single SNP, rs6167569, as shown in Figure 2B. In
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addition, the nearby SNP IDs rs6167013 and rs6167516
are provided as flanking hits distinguished from the
SNP hit itself. This provides a complete topography
of the input sequence, and it corrects the inherent
problem of the NCBI SNP-BLAST tool. In Figure 2A
and 2B, the SNP contig position is presented graphi-
cally. The color coding of the visualization helps the
biologists to identify all of the relevant data contained
in the SNP sequence. In addition, users can test their
SNPs for novelty if they are unable to find the corre-
sponding SNP ID in our proposed system, i.e. user-
defined SNPs marked with a bar were discovered.
We designed an experiment to test how often the
SNP ID within the input sequence is incorrectly pro-
vided using the method shown in Figure 5. Using 172
different sequences from 23 different chromosomes
(a list is provided online at http://bio.kuas.edu.tw/
dynamicSNP /ncbi-compare.jsp), we found that our
system achieved a success rate of 100%, while the NCBI
SNP-BLAST tool, with and without the megablast func-
tion, provided the complete score matched (similar
to Figure 5H; correct SNP ID hit is the single highest
score among hits) for 13.34% versus 40.70%, the high
score matched (Figure 5E; several hits share the high-
est score but the correct SNP ID hit is not shown in
the first row) for 11.05% versus 34.88%, no high score
matched (Figures 5C, 5F and 5G; the correct SNP ID
hit is not the highest score) for 6.98% versus 20.35%,
and no matched or no significance (similar to Figures

5A, 5B and 5D; no hits provided) for 68.60% versus
4.07%, respectively. These results are provided online
at the website address given above. For complete-score-
matched, high-score-matched and no-high-score-
matched conditions, the system is able to provide the
correct SNP ID hits, although it is difficult for most
users to identify them. In contrast, no-matched and
no-significance situations show false-negative results
for the SNP ID hit.

The NCBI BLAST tool uses a heuristic algorithm
that seeks local, as opposed to global, alignments and
is therefore able to detect relationships among se-
quences that share only isolated regions of similarity
[16]. It obtains all statistically significant alignments.
However, it does not explore the entire search space
between two sequences. This is the reason why BLAST
sometimes cannot hit the correct SNP ID. The overlap-
ping nature of several SNP flanking sequences found
by the NCBI SNP-BLAST tool is shown in Figure 6
and in our previous results with SNP ID-info soft-
ware [17]. This may partly explain why false-positive
hits (providing many hits rather than the correct SNP
ID hit alone) for NCBI SNP-BLAST were common in
our 172 tests with different sequences from 23 dif-
ferent chromosomes. Many SNP flanking sequences
commonly overlap each other, although the SNPs are
located separately.

Recently, the University of California Santa Cruz
Genome Browser Database [18] was developed to
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Figure 6. Example of the overlapping nature of several sequences containing single nucleotide polymorphisms. (A) Neighboring
environmental viewing using Genewindow software. Nine single nucleotide polymorphisms located in chromosome 17 were selected
as an example. The relative locus of the chromosomal contig position is provided. (B) The overlapping relationship between the nine
single nucleotide polymorphisms flanking sequences can be seen in (A).
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provide sequence and annotation data for the genomes
of many species and model organisms. With its BLAST-
Like Alignment Tool (BLAT) function [19], it provides
genome annotations including SNP IDs within the
input sequence that are similar to our novel system.
However, SNPs and flanking hits are not provided by
BLAT. This problem is similar to that of SNP-BLAST in
terms of the acceptable sequence formats. The results
are sometimes sequence format-dependent and many
browser hits are provided for selection. The IUPAC
code and [dNTP1/dNTP2] formats for SNP are not
suitable for BLAT because this sometimes provides
the wrong chromosome location and many browsers
with different chromosome locations. Furthermore,
SNP-BLAST and BLAT do not indicate mutations other
than the SNPs in the NCBI dbSNP. In contrast, our
proposed system marks both user-defined SNPs and
SNPs in dbSNP. However, because SNP-BLAST and
BLAT provide fast SNP retrieval, we introduced these
functions into our proposed system for sequences
with unknown chromosome locations to improve the
screening speed. By using dynamic programming in
our system, we overcame the limitations inherent in
SNP-BLAST and BLAT, and free formats of SNP input
sequences are accepted.

Dynamic programming has been used for sequence
alignment [13-15], and it has recently been applied to
haplotype block studies [20,21]. However, none of
these studies performed SNP ID targeting for input
sequences. To our knowledge, we are the first to iden-
tify SNP IDs in NCBI rs# using dynamic programming.
A general comparison of the performance between
NCBISNP-BLAST and our proposed system is shown
in the Table. The results indicate that our system is
more precise and more informative for SNP ID iden-
tification than the NCBI SNP-BLAST, particularly re-
garding SNP ID targeting and general information of
the SNP. Flanking hits are provided in the order of the
chromosome and contig positions. Once users obtain
an SNP ID from NCBI dbSNP, software, including our
newly developed SNP-RFLPing [22], can provide SNP
information for genotyping in association studies.

CONCLUSION

The NCBI BLAST is currently the most commonly
used sequence alignment tool. It continues the heuris-
tic calculation concept and requires a shorter time to
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search for alignment similarities. Nevertheless, it has
limitations, such as its inherent problem in the BLAST
program, which uses megablast, and the fact that it
cannot always correctly align an input sequence. In
this paper, we described the development of a web-
based SNP system that uses a dynamic programming
algorithm to compare homologs. This system provides
the correct SNP ID when entering a sequence, and the
reference cluster ID “rs”, the NCBI assay ID, the “ss”,
the gene name and the gene ID, which facilitates
faster searching of SNP FASTA information. This not
only solves the inherent limitations of NCBI SNP-
BLAST, but also assists biologists trying to establish a
systematic database while conducting association
research.
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