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1. Introduction 
 

SXOligoSearch is a tool for alignment of short oligonucleotide sequences against a set of 

sequences indexed using SynaBASE. The input file can be in the form of either FASTA 

format sequences or a Solexa quality score file. 

 

The search process involves no heuristics and finds the globally optimum alignment(s) for the 

query using the Needleman-Wunsch algorithm, where the position specific scores are defined 

in a quality file or generated from the query sequence. A score threshold defines a lower limit 

for alignment quality. 

 

 

2. Invocation 
 

Command line format: 
 
SXOligoSearch options dbname <Oligofile  >Reportfile 

 
Where the valid options are: 

-x -99 sets the minimum score for an alignment. The default minimum alignment 

score is -30. The search process is initiated for an exact match (threshold 0) and 

if this fails, the threshold is progressively decreased (-10, -20, -30,...). The 

search is repeated until a result is found or the minimum score limit is reached. 

The minimum score is set as a negative value. 

 
-o 99       sets the gap opening penalty. Default is zero. This should be a positive number 

which is subtracted from the alignment score each time a gap is opened. 

 
-g 99         sets the gap penalty. Default is 20. This should be a positive number which is 

subtracted from the alignment score for each inserted or deleted base. 

 
-m 99 sets the mismatch penalty. Default is 10. This should be a positive number 

which is subtracted from the alignment score for each mismatched base. 

 
-n 9 sets the penalty for each N in the query sequence. Default is 2. This should be a 

positive number which is subtracted from the alignment score for each N in the 

query sequence. (Ambiguous codes in the target base sequences are treated as 

mismatches) 
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-p 0.003 sets a prior probability for a SNP. Used only with Solexa prb files. 

 
-q sfile the filename of the Solexa sequence file corresponding to the Solexa quality 

file. (Optional) 

 
-s 9 sets a minimum number of non-N letters for a query. Queries with less than this 

minimum number of bases will not be aligned. Default is 20. Note that 

performance will suffer if this value is set too low. It is recommended that it be 

set to around 5 bases less than the query length. 

 
-r 999 sets a limit on number of alignments reported per oligonucleotide sequence. 

Default is 10 alignments. Setting to 0 (zero) removes the limit. 

 
-# off turns off printing of comment lines. 

 
-l loads the entire SynaBASE onto memory before starting the processing of 

queries. This may improve performance for large query files. 

 
dbname is the name of the SynaBASE to be searched. 

 
Oligofile is a Solexa quality score (*prb.txt) file or a FASTA format file containing the 

oligonucleotides to be aligned. 

 
Example: 

SXOligoSearch -x -20  hsgenome Oligos.txt 

 

2.1. Notes                             
1. For well-formed alignments the combined values of the gap opening and gap penalty 

should not be less than the mismatch penalty. 

2. The N penalty defaults to 2, as the probability of a match to an N is 0.25 and 

log2(0.25) = -2. The default mismatch penalty of 10 is approximately -log2(0.001) 

where 0.001 is the probability of a read error in a high quality base position. An N 

penalty of 3 reduces false positives for queries with several N’s. Refer to the 

SXOligoSearch white paper for discussions on false positive rates. 

3. When a Solexa quality score file is used as input, the scores are derived from the 

quality scores.  The translation converts the quality score to log2(P(b,i)) where P(b,i) 

is the probability of base b occurring at position i. When using Solexa quality score 

files the –m and –n command line options are ignored. 
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4. Table 2-1 lists some of the Solexa quality values, base probabilities and resulting 

SXOligoSearch scores. 

SolexaScore Base Probability SXOligoSearch Score 
30 0.999 0 

0 0.500 -1 

-5 0.240 -2 

-12 0.060 -4 

-30 0.001 -10 

 Table 2-1: Solexa quality values, base probabilities and SXOligoSearch scores. 

5. When a Solexa quality file is used as source of the queries, a Solexa format sequence 

file can also be specified. When specified the files are read synchronously and the 

sequence file record is reported as the query header. 

6. The Psnp parameter has the effect of adjusting base probabilities and the base used 

for log(P), such that a mismatch at a high quality base position still scores -10. Given 

Psnp = 0.01 and using log1.6: 

Solexa 
Score 

Base 
Probability 

Adjust for 
Psnp = 0.01 

SXOligoSearch 
Score 

30 0.999 0.999 0 

0 0.500 0.505 -2 

-5 0.240 0.248 -3 

-12 0.060 0.069 -6 

-30 0.001 0.011 -10 

 Table 2-2: Effects of adjusting the Psnp parameter. 

 
7. Adjusting the Psnp parameter also has an effect on the false positive rates for queries 

with many low quality base positions. Refer to the white paper for more details. 

 

2.2. Recommendations 
1. Leave mismatch at default -10.  

2. ‘N’ penalty should be set to 2 or 3. 

3. With a gap opening penalty of zero, the gap penalty can be varied between 10 and 30.  

(Increase gap penalty even higher to stop gaps completely) 

4. A gap open penalty of 13, with a gap extend penalty of 7, is equivalent to BLAST 

defaults of 5 and 2 respectively. 

5. Minimum alignment scores (threshold) should be in the range -18 to -40. Higher 

values will give improved performance at the expense of increased false negatives. 

Lower values will increase false positives. 
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6. For Solexa files with 31 bases, set the –s option to –s 25, approximately 5 bases less 

than the query length. If a query has excessively low quality bases, it will adversely 

affect performance and result in multiple false positive alignment locations.  

 

 

3. Query File 
 

SXOligoSearch accepts either FASTA format files or Solexa quality score files. 

 

3.1. FASTA Format Queries 

The input query file should be in FASTA format, as shown in the following example. The 

query sequence can contain ambiguous IUB codes, however only N’s are treated specially. 

All other ambiguous codes are treated as full scoring mismatches. 

 
Sample query file: 

>1 1 741 490 
GGGAGTTGCGCACTGGCAGTGAGAATCTCAC 
>1 1 507 124 
GAACTTAAAGTATAATAAAAAAGATTTCCAC 
>1 1 732 887 
GATTTTCATGTATTGACCTCGTATTCTTCTT 
>1 1 543 127 
GTTATTTTCCATTCTGGCTGATGGGACCAAC 
>1 1 827 385 
GAAATGGTTCAGCACTTTCAATTAATTTTAA 
>1 1 698 158 
GGGTTTGTTTGAGAGAGATAAAAATATGTTT 
>1 1 617 120 
GAAAATACCTATGACCAAGGCGGGTTTATAT 

 

3.2. Solexa Quality Score Files 

These files have one line per read with four quality values for bases A, C, G and T at each 

base position. Quality values are separated by spaces with a tab character between each group 

of four scores. Given P(b) is the probability that base b was read then the Solexa scores are 

interpreted as: 

Solexa Score = 10 * log10( P(b) / (1 - P(b) ) ) 

Sample query file: 
            1                                      2                                            3                                      4 

                              
   A     C     G     T              A     C     G     T                      A     C     G     T                A     C     G     T                             
 -30  -30   30  -30         -30  -30   30  -30       -30   -30    30  -30             -30   -30   30  -30    
  30  -30  -30  -30          30  -30  -30  -30       -30   -30    30  -30  30  -30  -30  -30    
-30  -30  -30   30            -30  -30   30   -30       -30   -30   -30    30 -30  -30  -30   30    
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The quality score files do not provide any information on identifying individual reads so 

SXOligoSearch reports the line number. 

 

When using a Solexa quality file as input, SXOligoSearch uses the converted quality values 

for scoring the alignment. It also generates a query sequence from the probabilities for 

reporting, by using the most probable letter at each base position. It does not, at anytime, use 

the sequences in the Solexa sequence file. 

 

3.3. Solexa Sequence Files 

When queries are read from a Solexa quality file a Solexa sequence file can also be entered 

into SXOligoSearch. This file is read synchronously with the quality file and the records are 

used as the read headers. 

  

Sample Solexa sequence file: 

 

 

4. Report Format 
 

A few lines of headers are printed on each run. An example of the header lines is: 

# SXOligoSearch 
# Fri Mar 23 17:04:30 2007 
# $Id: SXOligoSearch.cpp,v 1.10 2007/03/22 13:58:39 colin Exp $ 
# SXOligoSearch -x 30 -g 10 -n 2 -r 10 h_sapiens-ncbi36-sb233-b10 

 

A summary of the results is printed at the end of the report and displays: 

 The total number of queries processed. 

 The number and percentage of queries that have one unique alignment. 

 The number and percentage of queries that have one or more alignments. 

 The number of queries where all alignments have gaps. 

 The CPU and elapsed time for the run. 

 

 

1 1 741 490 GGGAGTTGCGCACTGGCAGTGAGAATCTCAC 
1 1 507 124 GAACTTAAAGTATAATAAAAAAGATTTCCAC 
1 1 732 887 GATTTTCATGTATTGACCTCGTATTCTTCTT 
1 1 543 127 GTTATTTTCCATTCTGGCTGATGGGACCAAC 
1 1 827 385 GAAATGGTTCAGCACTTTCAATTAATTTTAA 
1 1 698 158 GGGTTTGTTTGAGAGAGATAAAAATATGTTT 
1 1 617 120 GAAAATACCTATGACCAAGGCGGGTTTATAT 
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#  
#  Total Oligos     21771 
#  
#   1 Alignment     14301, 65.7 
#  
# Total Aligned     17913, 82.3 
#  
#        Gapped       703, 3.2 
# CPU time     144814 msecs. 
# Elapsed time 145439 msecs. 
#Done. 

 

Between the header and the summary are the results of each query. There are several potential 

outcomes for each query: 

1. The read has too many N’s (not enough specific base positions). 

2. No alignment with a score above the threshold found. 

3. One alignment found. 

4. More than one alignment found. 

5. The alignment limit of the query reached. 

 

FASTA Header Format 

The lines in the report represent (in the order they occur): 

1. The FASTA header of the query. (e.g. >Query 345) 

2. The query sequence. (e.g. GTGTGATGGGGTGCAGGATGAAAAGATATGC) 

3. A report of the number of alignments and the threshold used in the search. 

(e.g. 1 alignment at threshold of -30) 

4. The FASTA header of the target sequence, set in by one space.  

(e.g. >gi|89161205|ref|NC_000003.10|NC_000003 Homo sapiens chromosome 3) 

5. The score for the alignment (e.g. Score = -30). Note that this example used a 

gap penalty of 10.  

6. The query sequence as aligned. The reverse complement of the query is 

shown for (–)ve strand alignments. A ‘-‘ is used to pad indels. 

7. The alignment string shows the bases that are aligned. A ‘|’ shows a matching 

base. For Solexa quality files a ‘|’ is shown if the matching letter combination 

has a score of zero (Solexa quality score ≥ 7). The alignment string will also 

show digits 1-9 for bases that incur the corresponding penalty, and a space for 

bases that scored -10. 

8. The subject or target sequence and offsets. This is always shown on the +(ve) 

strand while ‘-‘ is used to pad indels. 

 



SXOligoSearch [Confidential – for restricted circulation only] 
 

Copyright © 2002-2007 Synamatix Sdn. Bhd. All rights reserved.  7 
 
 

There are some minor differences in the report format between the FASTA-formatted and 

Solexa-formatted queries. As each new query is processed the query header and query 

sequence are printed. 

 

The FASTA format query files (header and query sequence) appear as: 

>fasthdr 

GGGAGTTGCGCACTGGCAGTGAGAATCTCAC 

 

Solexa quality files do not have a FASTA header so SXOligoSearch provides the option of 

specifying a Solexa sequence file and, if provided, the sequence file record is printed as the 

query header.  

>1 1 741 490 GGGAGTTGCGCACTGGCAGTGAGAATCTCAC 
GGGAGTTGCGCACTGGCAGTGAGAATCTCAC 

 

If no sequence file is provided then SXOligoSearch generates a header using the record 

number. The results appear as: 

>prb record # 3 
GATTTTCATGTATTGACCTCGTATTCTTCTT 

 

The FASTA header is generated using the record number and a consensus sequence1 is 

generated using the most probable base at each position in the query. If the four bases have an 

equal score then the consensus sequence will show an N. No other IUB ambiguous codes are 

used. Solexa and FASTA format reports are otherwise essentially identical. 

 

If the query has too many N’s or insufficient high quality bases, the report for the query will 

appear as: 

>prb record # 216 
GNNNNNNNNNNNNNNNNNNNNNNNNNNNNNN 
# Specificity (1 letters) of the query is below the threshold (20 letters). 

 

The FASTA header is printed together with a message indicating that there are insufficient 

non-ambiguous bases in the query. 

 

When no alignment is found, the report for the query appears as: 

>Query 123 
GGGAGTTGCGCACTGGCAGTGAGAATCTCAC 
0 alignments at threshold of -30 

                                            
1 Note: The consensus sequence is not used for the search. The search is performed using the base 

quality scores. 
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The FASTA header and query sequence are printed followed by a line, which indicates zero 

alignments found. 

 

Format of Query Results 

When a single alignment is found the report appears as: 

>Query 345 
GTGTGATGGGGTGCAGGATGAAAAGATATGC  
1 alignment at threshold of -30 
 

>gi|89161205|ref|NC_000003.10|NC_000003 Homo sapiens chromosome 3, 
Score = -30 

Query:          1 GTGTGATGGGGTGCA-GGAT-GAAAAGATATGC 31 
                  |||||||||||||||+||||+||||| |||||| 
Sbjct:  140328117 GTGTGATGGGGTGCAGGGATGGAAAACATATGC 140328149 

 

When multiple alignments are found for a query, the line after the query will indicate the 

number of alignments found. This will be followed by each alignment as in: 

>query 5 
AACTTAAAGTATAATAAAAAAGATTTCCAC 
4 alignments at threshold of 0 
 

>gi|89161216|ref|NC_000009.10|NC_000009 Homo sapiens chromosome 9, 
Score = 0 

Query:          1 GAACTTAAAGTATAATAAAAAAGATTTCCAC 31 
                  ||||||||||||||||||||||||||||||| 
Sbjct:   42212187 GAACTTAAAGTATAATAAAAAAGATTTCCAC 42212217 

>gi|89161216|ref|NC_000009.10|NC_000009 Homo sapiens chromosome 9, 
Score = 0 

Query:          1 GAACTTAAAGTATAATAAAAAAGATTTCCAC 31 
                  ||||||||||||||||||||||||||||||| 
Sbjct:   67758710 GAACTTAAAGTATAATAAAAAAGATTTCCAC 67758740 

>gi|89161216|ref|NC_000009.10|NC_000009 Homo sapiens chromosome 9, 
Score = 0 
Query:          1 GAACTTAAAGTATAATAAAAAAGATTTCCAC 31 
                  ||||||||||||||||||||||||||||||| 
Sbjct:   69856847 GAACTTAAAGTATAATAAAAAAGATTTCCAC 69856877 

>gi|89161216|ref|NC_000009.10|NC_000009 Homo sapiens chromosome 9, 
Score = 0 

Query:         31 GTGGAAATCTTTTTTATTATACTTTAAGTTC 1 
                  ||||||||||||||||||||||||||||||| 
Sbjct:   45361310 GTGGAAATCTTTTTTATTATACTTTAAGTTC 45361340 

 

An example of an alignment having bases with penalties of -2 and -3 is shown below. The 

penalties are determined from the Solexa quality values. 

>1      1       285     169     GTGTCCATATGTTCTCATGGTTCAATTCCCA 
GTGTCCATATGTTCTCATGGTTCAATTCCCA 
6 alignments at threshold of -10 
# -r 5 report limit reached. 

 

>gi|no_gi-chr22| Homo sapiens chr22 
Score = -5 

Query:          1 GTGTCCATATGTTCTCATGGTTCAATTCCCA 31 
                  ||||||||3|||||||||2|||||||||||| 
Sbjct:   33466381 GTGTCCATGTGTTCTCATTGTTCAATTCCCA 33466411 
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Below is an example of an alignment with an insert on the read. 

>gi|no_gi-chr22| Homo sapiens chr22 
Score = -40 

Query:         31 GTGGAAATCTTTTTTATTATACTTTAAGTTC 1 
                  | ||| |-||||||||||||||||||||||| 
Sbjct:   26218205 GAGGACA-CTTTTTTATTATACTTTAAGTTC 26218234 

 

Below is an example of an alignment with a delete on the read. 

>gi|no_gi-chr22| Homo sapiens chr22 
Score = -30 

Query:          1 GTATTAGTCAGGGTTCTCCAGA-AGACAGAAC 31 
                  ||||||||||||||||||||||+||||||| | 
Sbjct:   34841251 GTATTAGTCAGGGTTCTCCAGAGAGACAGAGC 34841282 

 

The following example illustrates the effect of using a report limit. In this case the report limit 

is set to 4. This causes the alignment process to terminate when the fifth alignment is found. 

Hence, only four alignments are reported. 

>1 1 929 531 GAATATGCAAGAGGACATTTGGAGAGATTTG 
GAATATGCAAGAGGACATTTGGAGAGATTTG  
5 alignments at threshold of d 
# -r 4 report limit reached. 

 

>gi|51511735|ref|NC_000018.8|NC_000018 Homo sapiens chromosome 18, 
Score = -20 

Query:          1 GAATATGCAAGAGGACATTTGGAGAGATTTG 31 
                  ||||||||||| |||||||||||||| ||||  
Sbjct:   15379307 GAATATGCAAGTGGACATTTGGAGAGCTTTG 15379337 

>gi|51511735|ref|NC_000018.8|NC_000018 Homo sapiens chromosome 18, 
Score = -20 

Query:          1 GAATATGCAAGAGGACATTTGGAGAGATTTG 31 
                  |||| ||||||||||||||||||||| |||| 
Sbjct:   15385143 GAATCTGCAAGAGGACATTTGGAGAGCTTTG 15385173 

>gi|89161199|ref|NC_000002.10|NC_000002 Homo sapiens chromosome 2, 
Score = -20 

Query:          1 GAATATGCAAGAGGACATTTGGAGAGATTTG 31 
                  |||| |||||| ||||||||||||||||||| 
Sbjct:  132691420 GAATCTGCAAGTGGACATTTGGAGAGATTTG 132691450 

>gi|89161216|ref|NC_000009.10|NC_000009 Homo sapiens chromosome 9, 
Score = -20 

Query:          1 GAATATGCAAGAGGACATTTGGAGAGATTTG 31 
                  |||| |||||| ||||||||||||||||||| 
Sbjct:   66510394 GAATCTGCAAGTGGACATTTGGAGAGATTTG 66510424 
 

 


