
CS342: Bioinformatics
Lecture 3



DNA Sequence Data



https://gdc.cancer.gov/
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DNA Sequence Data

https://www.ebi.ac.uk/ega/home



DNA Sequence Data

130 GB x 2 files x 2,800 patients = 728,000 GB
= 728 TB



DNA Sequence Data
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Exact Pattern Matching Problem

Input: Two strings, (1) a pattern p = p1p2…pn and (2) a larger text t = t1t2…tm

Output: All positions i, 1 ≤ 𝑖 ≤ 𝑚 − 𝑛 + 1, such that 𝑡𝑖 …𝑡𝑖+𝑛−1 = 𝑝1…𝑝𝑛.

Example: t = banana and p = an



Multiple Pattern Matching Problem

Input: A set of 𝑘 patterns p1, p2,…,pk, and a larger text 𝑡 = 𝑡1𝑡2…𝑡𝑚.

Output: All positions 1 ≤ 𝑖 ≤ 𝑚, such that the substring starting at 
𝑡𝑖 matches 𝑝𝑗 for 1 ≤ 𝑗 ≤ 𝑘.

Example: t = banana, p1 = an, p2 = nan



Keyword Trees

Def: data structure for representing a collection of strings
• Supports fast pattern matching

• Rooted tree

• Each edge is labeled with a single letter

• Two edges out of a vertex must have different labels

• Every keyword is spelled on a path from root to leaf



Multiple Pattern Matching Problem

Input: A set of 𝑘 patterns p1, p2,…,pk, and a larger text 𝑡 = 𝑡1𝑡2…𝑡𝑚.

Output: All positions 1 ≤ 𝑖 ≤ 𝑚, such that the substring starting at 
𝑡𝑖 matches 𝑝𝑗 for 1 ≤ 𝑗 ≤ 𝑘.

Example: t = banana, p1 = an, p2 = nan

Questions: [think, pair, share]

1. Does the keyword tree solve the multiple pattern matching problem? 
Why?

2. What happens if a pattern is a prefix of another pattern? 



Multiple Pattern Matching with Keyword
Trees
Runtime? Assume 𝑁 is sum of lengths of patterns, 𝑚 is the length of the 
text, and 𝑛 is length of longest pattern

𝑂(𝑁 + 𝑛𝑚)

Question: Is this better than brute force? [Think, pair, share]


