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Abstract In molecular biology, approximate subsequence search is one of the most important
operations. In this paper, we propose an accurate and efficient method for approximate subsequence
search in large DNA databases. The proposed method basically adopts a binary trie as its primary
structure and stores all the window subsequences extracted from a DNA sequence. For approximate
subsequence search, it traverses the binary trie in a breadth-first fashion and retrieves all the matched
subsequences from the traversed path within the trie by a dynamic programming technique. However,
the proposed method stores only window subsequences of the pre-determined length, and thus suffers
from large post—processing time in case of long query sequences. To overcome this problem, we divide
a query sequence into shorter pieces, perform searching for those subsequences, and then merge their
results. To verify the superiority of the proposed method, we conducted performance evaluation via
a series of experiments. The results reveal that the proposed method, which requires smaller storage
space, achieves 4 to 17 times improvement in performance over the suffix tree based method. Even
when the length of a query sequence is large, our method is more than an order of magnitude faster
than the suffix tree based method and the Smith-Waterman algorithm.
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Algorithm 1: Index construction

Input : DNA sequence S, window size |W|
Output : binary trie I, page table P, leaf table L

Step 1: Construct input sequences
1. WS := extractWindowSubsequences(S, |W|);

2. sort(WS);

Step 2: Build the index
maxNode = computeMaxNode(pageSize);
memPage = constructEmptyPage();
for(i = 0; i < |WS5|; i++)
insertSequence(WS;, membPage);
if(isOverflow(memPage, maxNode))
memToDisk(memPage, 1, P, L);
reconstructPage(memPage);
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Algorithm 2: Search-Trie

Input :
maxNode M
Output : set of answers

1. push(Qpagenumber, Root_pageNumber);

binary trie I, query sequence Q, tolerance T, page table P, leaf table L,

2. push(Qnode[Root_pageNumber], RootNode);

3.
4. while (notEmpty(Qpagenumber)) do
5. pageNumber = pop(Qpagenumber);
6.
7 while (notEmpty(Qnode[pageNumber])) do
8. current_Node = pop(QnodefpageNumber]);
9.
10. for each child node CN; of the current_Node do
11. moreVisit = TRUE;
12. AppedBitString(CN;_Path, current_Node, CNj);
13.
14. if BitCount(CN;_Path) mod 3 == 0 then
15. DPT_CN; = AddColumn(current_DPT, CNj_Path),
16. Let dist be the last row value of the new added column;
17. if dist <= T then
18. FindAnswer(CN;, L);
19. moreVisit = FALSE;
20. else moreVisit = FurtherVisit(DPT_CNy);
21. if moreVisit
22. if terminal_Node(CN;) then FindCandidateAnswer(CN, L);
23. else CheckpageAndPush(Qpagenumber, Qnode, CN;, P, M);
24. L
-
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Algorithm 3: Search-Trie-By-SubQuery

Input : bina
maxNode M

Qutput : set of answers answerSet
p = partitionQuery(Q, T);
for each subquery SQ; do

Gk LN

return answerSet;

trie I, query sequence Q, tolerance T, page table P, leaf table L,

candidateSet = candidateSet U Search-Trie(, SQi | Z/pl, P, L, M);
answerSet = postProcessing(candidateSet, Q, T);
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